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The Prin iples of Mechanics.* 
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N this Eſſay I mean only to offer 
ſome Remarks on the Methods 
that have been commonly uſed in 
treating of thoſe Engines that are 
called the Mechanic Powers; and 
to give an Account of the Princi- 


| 8 on * I think, we n beſt . _ 
Nature and Manner of . 
5 * This Eday e a Meeting of the Royal HS on 
the 21ſt and 28th of April, 1763, communicated in a Letter 
dated 13 July, 1762, to Matthew Roper, Eſd: F. R S. of Ther- 
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The many uſeful Inſtruments that have been ſo 

ingeniouſly invented, and fo ſucceſsfully executed, 
and the great Perfection to which the Mechanic 
Arts are now arrived, would naturally incline one 
to think that the true Principles on which the Effi- 


cacy and Operations of the ſeveral Machines de, 


pend, muſt long ſince have been accurately ex- 
plained. + But this is by no Means a neceſſary In- 
ference; for, however Men may differ in their 
Opinions about the true Method of accounting for 
the Effects of the ſeveral Machines, yet the prac- 
tical Principlesof Mechanies are ſo perfectly known 
by Experience and Obſervation, that the Artiſt is 
thereby enabled to contrive and adjuſt the mave- 
ments of his Engines with as much certainty. and 
ſucceſs as he could do, were he thoroughly ac- 
quainted with the Laws of Motion, from which 
theſe Principles may be ultimately derived. How- 
ever, tho” an enquiry into the true Method of de- 
ducing the practical Principles of Mechanics from 
the Laws of Motion, ſhould perhaps not contri. 
bute much to promote the Progreſs of the Mecha- 
nic Arts, yet it is an Enquiry in itſelf uſeful, and 
in ſome Meaſure neceſſary; for, ſince late Authors 
have uſed very different Methods of treating this 
Subject, it may be ſuppoſed that no one Method 
has been looked upon as ſatisfactory and unexcep- 
tionable. I ſhould therefore wiſh to contribute 
towards having this Subject treated with more ac- 
curacy than has been hitherto donmme .. 


3 4 


The mak general; and remarkable chi in 
Mechanics certainly is this, “% That when two 
« Weights, by means of a Machine counterpoiſe 
each other, and are then made to move toges 
« ther, their Quantities of Motion will be equal”, 
Now an Æquilibrium always accompanying this 
equality ot Motions, bears ſuch a reſemblanee to 
the Caſe wherein two moving Bodies ſtop each 
other, when they meet together with equal Quan- 
tities of Motion; that Doctor Wallis, and after 
him moſt of the late Writers, have thought the 
Cauſe of an Æguilibrium in the ſeveral Machines, 
might be immediately aſſigned; by ſaying, That 
ſince one Body cannot produce in another a Quan- 
tity of Motion equal to its own, without laſing its 
own at the ſame Time; two heavy Bodies, coun- 
teracting each other by means of a Machine muſt 
continue at reſt, when they are ſo circumſtanced 
that one cannot deſoend, without cauſing the other 
to aſcend, at the ſame Time, and with the ſame 
Quantity of Motion, and therefore two heavy Bo- 
dies in ſuch Caſes muſt always counterhalance 
each other. Now this Argument would be a juſt 

one. if it could properly be ſaid that the Motion 
of the aſcending Body was produced by that of 
the deſcending one; but, ſince the Bodies ate ſo 
connec led that one cannot poſſibly begin to move 
before the other, I apprehend, that, it the Bodies 
are ſuppoſed to move, it cannot be ſaid that the 
Motion of one is produced by that of the other: 
B 2 ſinee 


( 4 ) 
ſince whatever Force is ſuppoſed to move one muſt 
be the immediate Cauſe of Motion in the other 
alſo; that is, both their Motions muſt be ſimulta- 
neous Effects of the ſame Cauſe, juſt as if the two 
Bodies were really but one. And therefore if I 
was to ſuppoſe, in this Caſe, that the ſuperior 
Weight of the heavier Body (which may be in it- 
ſelf much more than able to ſuſtain the lighter) 
ſhould overcome the Weight of the lighter and 
produce equal Motions in both Bodies; I do not 
think that from thence I could be reduced-to the 
Abſurdity of ſuppoſing, that one Body, by its Mo- 
tion, might produce in another a Motion equal to 
its own, and yet not loſe its own at the ſame time. 
But thoſe who argue from the equality of Motions 
on this Occaſion ſay further, that, ſince the two 
Bodies muſt have equal Motions when they do 
move, they muſt have equal Endeavours 'to move 
even whilſt they are at reſt, and therefore theſe 
Endeavours to move, being equal and contrary, 
mult deſtroy each other, and the Bodies muſt con- 
tinue at reſt, and conſequently balance each other. 
In Anſwer to this I muſt obſerve, that the abſolute 
Force with which a heavy Body endeavours to de- 
ſcend from a State of reſt can only be proportion- 
able to its Weight; and therefore I think it is ne- 
ceſſary that ſome Cauſe ſhould: be aſſigned why (for 
Inſtance in the Lever) the endeavour of one Pound 
to deſcend ſhall be equal to that of four Pounds; 


and W e as ON Runs on WR boch weights 
. 0 vie 


ts.) 
act requires no greater Force to > ſupport it than 
that of wy 5 5 


* 


e theſe Centern 1 infer, - a the 
Reaſon why very unequal Weights may balance 

each other, ſhould be aſſigned not from their hav- 
ing equal momenta when made to move together, 
but by proving à priori without conſidering their 
Motions, that either the Reactiou of the fixed 
Parts of the Machine, or ſome other Cauſe, ſo 
far takes off from the Weight of the heavier Body 
as to leave it only juſt able to ſupport the lighter. 
However, as this Equality of momenta which al- 
ways accompanies an Æquilibrium, affords a very 
elegant Theorem, Sought to be taken Notice of 
in every Treatiſe of Mechanics, and may ſerve as 
an Index of an Aquilibrium, But I would not have it 
applied to a Purpoſe for which it is unfit; as it has 
been in another Inſtance by Doctor Keil, who from 
thence gives the Reaſon why Water ſtands at the 


ſame height in a narrow Tube and a wide Veſſel 


with which it communicates. And an Argument 
aof the ſame kind is applied ſtill more improperly 
by Dr. Rutherforth and others, to ſhew why a drop 
of Water included in a ſmall” conical Tube will 
move towards the narrower End; and yet the 
true Ways of accounting for both theſe Fheeno- 
mena are ren ntl obvious and eaſy. | 1 
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The ſimple Mechanic Powers are uſually reck- 
oned fix, the Lever, Axle and Wheel, Pully, 
Wedge; inclined Plane, and Screw. The only 
Method I have met with of explaining the Nature 
of theſe Machines upon one and the ſame Principle, 
is that which I juſt now examined; and, as that 
appears to me unſatisfactory, I ſhall conſider the 
Nature of each Machine ſeparate! y in the Order 
I have ſet them down. | 


The Lever is faid to be a TY Line, inflexible | 
and void of weight. Its fundamental Property is 
this ; when any two Forces act againſt each other 
on the Arms. of a Lever, will continue in 
AEquilibrio, if their Quantities are inverſely as the 
Diſtances between the Points to which they are ap- 
plied and the Point round which the Lever rn, 
which Point is called the Fulcrum or en Fs 


Serena Methods ** been uſed, by _ 

Authors, to prove, that this Property muſt neceſſa- 
rily belong to the Lever. We find, in the Works 
of Archimedes, a Proof brought for . this Purpoſe, 
which has : ſince been made uſe of by ſeveral 


Writers of Mechanics; who, I find, have ſome- 
what altered the Form of his Argument, the Sub- 
ſtance of which is generally expreſſed as followa, 
Wben a Cylinder of any uniform Matter is 
8 e at its middle Point, it will continue 
* 


CA 1 
te at reſt; for all the Parts on one Side mult ba- 
&« lance thoſe on the other, being exactly equal 
« to them both in weight and ſituation, fo that the 
V hole weight of this Cylinder may be looked upon 


1 4 as acting on the middle Point on which it is ſup- 


ce ported. From whence it follows, that the 
Weight of ſuch a Cylinder will act upon what- 
ce ever ſupports 1 it, in the ſame Manner as it would 
edo if it was all contracted into the middle Point 
* of its Axis. If therefore we ſuppoſe the Cy- 
linder to be diſtinguiſned into two unequal Cy- 
« linders or Segments, the Diſtances between the 
midde Points of thoſe Segments and the Middle 
4 of the whole Cylinder will be inverſely as the 
« lengths of the Segments ; ; that is, inverſely as 
ce . Weights: But, as it was ſaid above, the 
60 weight of each Cylinder acts in the ſame Man- 
« ner as it would do if contracted into the middle 
« Point of its Axis; and therefore if the Weights 
& of thoſe Cylinders be contracted into theſe 
« Points, they will continue to ſupport each as 
& before, And thence it is concluded, that any 
« two Weights acting againſt each other on a Line 
« ſuſtained at a fixed point, will counterpoiſe one 
«. another, when they are inverſely as the Diſ- 
ic tances of the Points on which they act, from 
< the Point on which the Line reſts.” To this 
Agreement there ſeems to be a manifeſt ObjeCtion; 
for, when the whole Cylinder is diſtinguiſhed into 


two OS; part of the We ight of the greater 
Segment 


3 
Segment acts on the ſame Side of the Fulcrum | 
with the leſſer Segment; and therefore when the 
whole Weight of the greater Segment is contract- 
ed into its middle Point on one Side of the Ful- 
cram, and acts all of it againſt the leſſer Segment, 
it requires at leaſt ſome Proof to ſhew, that this 
contraſted Weight will be balanced by the 
Weight of the leſſer Segment: Mr. Hugens, in 
his Mi iſcellaneous Ob/ervations on Mechanics, takes 
Notice of this Objection to Archimedes's Method, 
which, he ſays, ſeveral Mathematicians had endea- 
voured to remove, but without Succeſs. He there- 
fore, inſtead of this Method, propoſed one of his 
on, which depends on a Pyſulatum that he uſes in 
eommon with Archimedes, and which I think oughr 
not to be granted on this Occaſion; it is this: 
When equal Bodies are placed on the Arms ofa a 
Lever, the one which is furtheſt from the Fulcrum 
« will prevail and raiſe the other up.” Now this 
is taking it for granted, in other Words, that a a 
ſmall Weight placed further from the Fulerum 
will ſupport or raiſe a greater one. The Cauſe and 
Reaſon of which Fact muſt be derived from the 
Demonſtration that follows, and therefore this De. 
monſtration ought not to be founded on the ſup- 
poſed ſelf- evidence of what is partly the Thing to 
be proved: But perhaps it may be ſaid, that the 
Hyſſulatum may be granted merely on this Account ; 
That the Center of Gravity of the two Bodies 
(which in this Cate is the middle Point between 


them) 


0 . 


them) is not ſuſtained ; and eres the Pody _ 
which is on the ſame Side of the Pulcrum with 
the C enter of Gravity will deſcend. 


In Anſwer to which 1 muſt . Wr this 
Property, which the Center of Gravity has of de- 
ſcending, when not placed directly above or below 
the Point of Suſpenſion, cannot be proved to be- 
long to it in any Caſe, nor can we even ſhew that 
there is only one Center of Gravity between two 
. Bodies joined by a right Line, until it is proved in 
general that the Center of Gravity of any two Bo- 
dies is a Point fo placed between them that their 
Diltances from it are inverſely as their Weights : 

but this in effect includes the principal Property 
of the Lever, which therefore cannot be proved 
from any previous Suppoſition, that the Center of 
Gravity will deſcend, even when the Bodies are 
equal, and we know! it is the mien 7 between 
them. | : js 2 a 
I muſt now proceed to "conſider what Sir J/aac 
Newton hath delivered on this Subject in his Hin- 
cipia, after the ad cor. to the 3d Law of Motion 
which Dr. Clarke (in his Notes on Robault) and all 
the ſubſequent Writers, have quoted as an elegant 
Proof of the Property of the Lever; and therefore 
what appears to me at preſent an Objection to this 
Proof I ſhall mention with great diffidence, and in 
8 of being ſet. _— if Jam wrong. Sir Iſaac 


| . 


E 


ſuppoſes two Weights, as A and P. Fig. 1. to hang 
by Threads, from the Points M and N. in a 
Wheel or circular Plane Perpendicular to the Ho- 
rizon and Movable about its Center O; and then 
propoſes to determine the Forces with which theſe 
Weights act to turn the Wheel round its Center, 
In order to do this, he ſuppoſes that it is indiffer- 
ent from what Points in the perpendicular Lines 
MA and NP the Weights are hung, for that they 
will ſtill have the ſame Power to turn the Wheel 
about its Center. His Words are: Quoniam nil 
<: refert utrum filorum punfa K, L, D, affixa fint 
< wel non affixa ad planum rote; pondera idem valebunt 
„ ac fi ſuſpenderentur a punctis K et L, vel Dat L.“ 
Now whether the Points of the Threads K, L, D, 
are fixed or not to the Plane of the Wheel is cer. 
tainly of Importance, as it muſt make a Differ- 
ence in the Points of Suſpenſion of the Weights, 
and conſequently in the Degrees of Obliquity 
vith which the Weights act; for the loweſt Point 
of the Thread that is fixed to the Plane muſt be 
conſidered as the Point from which the Weight 
hangs; as the Parts of the Thread above that 
Point are quite uſeleſs not being at all acted upon. 
And from thence I ſhall endeavor to ſhew that to 
ſuppoſe the Weight A will have the ſame Power 
to turn the Wheel from whatever Point in the Line 
MA it hangs, is in Effect preſuppoling what is 
intended to be proved. For it appears, from what 
he ſays immediately after, that, when the Weight 
5 N 2 


(n) 
A hangs Hem the Point D, if its whole Force be 
expreſſed by the Line A D, and be reſolved into 
two Forces, D C and A C, the former only will 
have any Effect in turning the Wheel, as it acts 
perpendicularly on the Radius OD, while the latter 
is loſt, its Direction being parallel to OD. But it is 
evident, that, when the ſame Weight hangs from 
the Point K, as it acts perpendicularly on the Ra- 
dius O K, its whole Force is exerted to turn the 
Wheel, and none of it loſt by oblique Action. 
Therefore the Force which the Weight A, exerts 
to oppoſe the Weight P, and turn the Wheel when 
it hangs from D, is, to the Force it exerts when it 
hangs from K, as the Line DCto A D, or as O K, 
to O D, (ſim. Triang. ADC, DOK) that is 
the Force exerted by the Weight A, hanging from 
the Points D and K, are inverſely as the Radu OD, 
and OK. And therefore to ſuppoſe, that theſe 
two Forces will have the ſame Effect in turning the 
Wheel and oppoſing the Weight P, is the ſame 
as ſuppoſing that two Forces will have equal Ef- 
fects in moving the Arms of a Lever (on which 
they act perpendicularly) when they are inverſely 
as the Lengths of thoſe Arms. But this is the 
very Concluſion Sir [aac draws from his Premiſes, 
for he ſays : * Pondera igitur A & P, que ſunt re- 
6 ciproce ut Radii in directum pofiriO K, O L, iam 
« pollebumt et ſic conſiſtent in equilibrio, que eſt pro- 
prietas notifſima Libre, Vettis et Axis in Peritrochio.”? 
But further, this Property of the Lever, which is 
here expreſſed in general Terms, includes two 
OL | Caſes. 
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- Caſes. For the Arms of the Lever may be cither 


perpendicular or oblique to the Directions of the 
Weights. The firſt of theſe Caſes is the ſimpleſt, 
and ſhould be firſt demonſtrated : And 1 do not 


| ſee how there can be any room for applying the 
| Reiolution of Forces in demonſtrating this Caſe, 


in which no Part of either Weight is loſt by ob- 


| Hque Action. But when this Caſe is proved, we 


have from thence, by the Reſolution of Forces, 
an eaſy Way of ſhewing, in the ſecond Caſe, when 
the Arms of the Lever are oblique to the Directi- 
ons of the Weights, that the Weights will coun- 
terbalance each other, when they are reciprocally 
as the perpendicular Diſtances of their Lines of 
Direction from the Center of Motion. From the 
laſt of theſe: Caſes, we may deduce an obvious 
Reaſon why the Weight A ſhould have the ſame 
Power to turn the Wheel, from whatever Point it 


Hangs in the Line M A; the Truth of which, I 


am perſuaded, cannot be proved independent” of 
thoſe Cafes, and therefore think it ought not to be 
uſed as a Pyſtulatum in Seamopſtrating the een 
Property of Us Levers. nn | 


Mr. W I in his View of Na 3 Philos 
fopby, after giving us the Methods which Archime- 
des and Newiten have uſed for proving the funda- 
mental Property of the Lever, propoſes one of 
his own, which, he ſays, appears to be the moſt 
9 one ir this n Fan as to his 

Method 


E 

Method I ſhall only obſerve, that, from equal Bo- 
dies ſuſtaining each other at equal Diſtances from 
the Fulcrum, he ſhews us how to infer that a Body 
of one Pound (for Inſtance) will ſuſtain another of 
two Pounds at half its Diſtance from the Fulcrum, 
and from thence that it will. ſuſtain one of three 
Pounds at a third of its Diſtance from the Fulcrums 
and thus he goes on deducing, by a kind of In- 
duction, what the Proportion is in general between 
two Bodies that ſuſtain each other on the Arms ot 
a Lever. But this Argument he obſerves cannot 
be applied when the Arms of the Lever are incom- 
menſurable, and therefore it cannot conelude 85 
| — and PT Nats is e 


Theſe are the Methods ot 3 the 
fundamental Property of the Lever, which are 
molt worth taking Notice of; and, ſince they ſeem 
liable to Objections, and the other Methods I haye 
met with are {till more exceptionable. I ſhall pro- 
| Poſe. a new. Proof of this Property of the Lever, 
Which appears to me a very fimple one, and In. 

pends on a Poftulatum that, I believe, will be beer 
BY LAZY 1 a gn 


1 a Dios be e Jiffaſed- over a right 
Line, that is, if an equal Part of the Force acts 
upon every Point of the Line, and if the whole 
Force acts according to one and the ſame Plane: 


this 


Tx) 
this Force will be ſuſtained, and the Line 
kept in Æquilibrio, by a ſingle Force applied to 
the middle Point of the Line equal to the diffuſed 
| pa and an ina nn, n 23 


pf ? 


- Ji 805 to * the following Proof, 10 
premiſe by way of Lemma, that, if a right Line 
be divided into two Segments, the Diſtances bes» 
tween the Middle of the whole Line, and the mid · 
dle Points of the Segments, will be inverſely as 
the Segments. This is ſelf-evident when the Seg. 
ments are equal ; and, when they are unequal; 
then, ſince half of the whole Line is equal to half 
of the greater and half of the leſſer Segment, it 
is plain that the Diſtance between the Middle of 
the whole Line and the Middle of one Segment 
muſt be equal to half of the other Segment, ſo 
that theſe Diſtances muſt be to each other inverſe- 
ly as the Segments, all which appears evident 
from the e of Fig. 2. | 


e Let now ihe Line G H, (Fig. 9 whoſe middle 
Point is D, be divided into the unequal Segments 
GL, and LH, whoſe middle Points are C and F, and 
let two Forces or Weights, A and B, which are to 
each other as the Segments G L and L H, be ap- 
plied to their middle Points C and F, and let them 
act perpendicularly on the Line G H. Then (by 
the Lemma) the Weights A and B will be to each 
other inverſely as Cc D, and F D, (the Diſtances 

of 


. EV * 
of the Points C and F, to which they are i 
from the middle of the whole Line) if then a third 
Force or Weight E, equal to the Sum of the 
Forces A and B, be applied to the Point D, and 
acts on the Line in an oppolite Direction; I ſay 
theſe three Forces will ſuſtain each other, and keep 
the Line in Æquilibrio. For let us ſuppoſe the 
Force E to be removed and inſtead of it another 
Force, equal alſo to the Sum of A and B, to be 
uniformly diffuſed over the whole Line G H, and 
to act directly againſt the Forces A and B, then 
the Part of this Force which acts on the Segment 
GL, will be equal to the Force A, and therefore 
will be ſuſtained by it (Pofulatum); and the other 
Part, which is diffuſed over the Segment L H, will 
be equal to and ſuſtained by the Force B, ſo that 
the Forces A and B will ſuſtain this diffuſed Force 
and keep the Line in Æpuilibrio. Let now two 
other Forces act alſo on this Line in oppoſite Di- 
rections, one of them the Force E acting on the 
Point D, as it was firſt ſuppoſed to do, and the 
other an uniformly diffuſed Force equal to E (and 


conſequently equal to the other diffuſed Force), 


then theſe two additional Forces will alſo balance 
each other, and therefore the Æquilibrium will lil 
remain. So that the two Forces A and B, and a 
diffuſed Force acting on one Side of the Line ſuſ- 
tain the Force E and a diffuſed Force acting on the 
other Side: but it is manifeſt, that in this Spuili. 
nn I, the two diffuſed Forces acting on oppoſite 

Sides 


dne each other. 


(16) 
Sides are perfectly equivalent, and therefote” if 
they are taken away from both Sides, the Æquili- 
brium muſt ſtill remain. Hence it appears that the 
three Weights or Forces A, B and E, any two of 
which are (by the Conſtruction) to each other in- 
verſely at their Diſtances from the third, will 
ſuſtain each other and keep the Line on 
which they act in Equilibrio; which is the 
firſt 'and moſt ſimple Caſe of the Property of the 
Lever; for here the Directions of the Weights are 


' ſuppoſed to be perpendicular to the Line on which 
they act, and it is evident that, if one of the 


Points C, D or F be fixed or conſidered as a Ful- 
crum, the Weights acting on the other two 
Points will continue to ſupport each other. I ſhall 
not now take the trouble of proving the ſecond 
Caſe of the Property of the Lever; it is moſt eaſily 
deduced from the firſt; for when two Weights act 
on the arms of a Lever in oblique Directions, and 
are to each other inverſely as the perpendicular 
Diſtances of their Lines of Direction from the 

Center of Motion, then, by the reſolution of Forces, 

it is eaſily proved that the Parts of thoſe Forces 
which act perpendicularly on. the Arms of the Le- 


ver, and which only are exerted to turn the Lever, 


are to each other inverſely as the lengths of thoſe 
Arms; and therefore by the firſt Caſe they muſt 


# . 
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I ſhall now mention ſome well known Truths 
in Mechanicks, which, I think, cannot be proved 
otherwiſe than by deducing them from "WWE hath 
been here hen paged 510; 


ww 


: COROLLARY 1 It appears em baile” 
that the Powers with which any two Forces move 
or endeavour to move the Arms of a Lever, are as 
the Rectangles, under Lines proportional to the 
Forces, and the perpendicular Diſtances” of their 
Lines of Direction from the Fulcrum, : 


COR. II. When therefore two Bodies acting on 
the Arms of a Lever ſuſtain each other, if one of 

them be removed farther from the Fulcrum, it will 
preponderate; but if it be brought nearer to the 
Fulcrum, the other Weight will prevail: becauſe the 
| Produd to which its Force is proportional will be 
encreaſed in the firft erw and n in 18 
ſecond. 


co R. In. We learn from hence, to find out the 
Center of Gravity of any two Bodies joined by an 
inflexible right Line; and to prove chat its Definition 
will agree to one Point only in the Line. - For if a 
Point be taken in the Line fo that the Diſtances 
of the Bodies from it may be inverſely as their 
Weights, that Point will be their Center of Gra- 
vity, becauſe, when it is ſuſtained, the Bodies will 
be in Zquilibrio. But if the Line be ſuſtained at 
D ä 


| ( 38. )> 
any other Point, then is the Fulcrum removed far- 
ther from one Body and brought nearer to the 
other than it was when the Bodies balanced each 
other ; and therefore, by the preceding Cor, that 
Body from which it is removed, or which is on the 
ſame Side with the Center of Gravity, will de- 
ſcend. Conſequently there is but one Point in 
the Line, which being ſuſtained, the Bodies will 
continue in Æquilibrio, and therefore but one Point 
only can be their Center of Gravity. Hence alſo 
it appears, that the Center of Gravity will always 
deſcend, when it is not directly above or below the 
Point by which the Body i 18 ſuſtained. AG? 


| 1 ſhall now endeavour to We 3 
in what I have to ſay of the other Mechanic Pow- 
ers; having, I fear, been too tedious in my Ac- 
count of the Lever, which however deſerves to 
be particularly conſidered, fince to it may be re- 
duced the Balance, the Axle and Wheel, and (ac- 
1 to ſome Writers) the 8 


C 
ae becauſe it is evidently. no other than a Le- 
ver fitted to the particular Purpoſe of comparing 
Weights together, and does not ſerve for raiſing 
— or overcoming Sn peg as mY cher 


What 


5 tn) 


When a Weight is do be raiſed by means of an 
Axle and Wheel, it is faſtened to a Chord that 
goes round the Axle, and the Power, which is to 

raiſe it, is hung to a Chord that goes round the 

Wheel. If then the Power be to the Weight as 
the Radius of the Axle to the Radius of the Wheel, 
it will juſt ſupport that Weight; as will eaſily ap- 

ar from what was proved of the Lever. For 


whoſe Fulkrum is a Line paſſing through the 

Center of the Wheel and Middle of the Aule, 
and whoſe long and ſhort Arms are the Radi 
of the Wheel and Axle which are parallel to the 
Horizon, and from whoſe Extremities the Chords 
hang perpendicularly. And thus an Axle and 
Wheat may be looked npon as a kind of perpetual 
Lever, on whoſe Arms the Power and Weight al- 
ways act perpendicularly, tho” the Lever turns 
round its Fulcrum. And in like Manner when 
Wheels and Axles move each other by Means 
ol Teeth on their Peripheries, ſuch a Machine is 
really, a perpetual compound Lever: and, by 
conſidering it as ſuch, we may compute the pro- 
portion of any Power to the Weight it is able 
to ſuſtain by the help of ſuch an Engine. And 
ſince the Raui of two contiguous Wheels, whoſe 

Teeth are applied to each other, are as the num- 
ber of Teeth. in each, or inverſely as the num- 
| Fur of Ae which they make in the 
D 2 fame 
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ſame Time; we may, in the computation, in- 
ſtead of the Ratio of theſe Radu, put the Ratio of 
the Number of Teeth on each Wheel; or the in- 
verſe Ratio of the Number of Revolutions they 
make in che dme Time. . 


Some Writers have ovale the Nature and Ef- 
fects of the Pulley might be beſt explained by con- 
ſidering a fixed Pulley as a Lever of the firſt, and 
a moveable Pulley as one of the ſecond kind. But 
thoꝰ the Pulley may bear being conſidered in that 
light; yet, I think, the beſt and moſt natural Me- 
thod of explaining its Effects (that is, of comput- 
ing the Proportion of any Power to the Weight it 
can ſuſtain by means of any Syſtem of Pulleys) is, 
by conſidering that every moveable Pulley hangs 
by two Ropes equally ſtretched, which muſt bear 
equal Parts of the Weight; and therefore when 
one and the ſame Rope goes round ſeveral fixed 
and moveable Pullies, ſince all its Parts on each 
Side of the Pullies are equally ſtretched, the whole 
Weight muſt be divided equally amongſt all the 
Ropes by which the moveable Pullies hang. And 
conſequently if the Power which acts on one Rope 
be equal to the Weight divided by the Number of 
Ropes, or double the Number of moveable 
Pullies, wn Tower mut lultain the Weight. 


Upon this Principle, the Propel of the | 


> + to ** it n by Means of any 
Syſtem 


( 2x ) 
Syſtem of the Pullies, may be computed in a 
Manner fo eaſy and natural as muſt be obvious 
to every common Capacity. | 


The Proportion which any Power bears to the 
reſiſting Force it is able to ſuſtain by means of a 
Wedge, has been laid down differently by differ- 
ent Authors, as they happened to conſider it in 
particular Caſes. Without examining their ſeveral 
Opinions, I ſhall endeavour to expreſs this Pro- 
portion in one general Propoſition which may 
extend to the ſeveral Caſes 1 in which the Wedge i is 


| applied. 


Let the ZEquicrural Triangle A B c, (Fig. 3 ) 
repreſent a Wedge, the Lines AB and CB will 


be the Sides of the Wedge, A C its Baſe br Back, 
and its Height will be the Line P B biſecting the 
Baſe A C and alſo the vertical Angle AB C. When 
any two reſiſting Forces act on the Sides of a 
Wedge in Directions which make equal Angles 
with the Sides (as they are always ſuppoſed to do) 
a Power acting perpendicularly at P on the Baſe 
of the Wedge will keep the reſiſting Forces in 
AEquilibrio, when it is to the Sum of theſe Forces, 
as the Sine of half the vertical Angle of the Wedge, 
to the Sine of the Angle which the Directions of 
the Forces contain with the Sides of the Wedge 
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For let E and F be tuo Bodies acting on the 
Sides of the Wedge, and let them be firſt ſuppoſed 


d o act in the Directions E P and F P perpendicular 


to the Sides ; then ſince the Power P acts perpen- 


dicularly on the Baſe A C, if thele three Forces 


keep the Wedge in Æguilibris they will be to each 
other as the Sides of a Triangle to which their 
Directions are lel, or (which is the ſame thing) 


as the Sides of the Triangle A B C to which their 


Directions are perpendicular. Therefore the Pow- 
er P is to the Sum of the reſiſting Forces which it 
fuſtains as A C the Baſe of the Wedge to the Sum 
of the Sides, or as P A, half the Baſe, to A B 
one of the Sides; but P Ai is to A B as the Sine of 
PB A, half the vertical Angle of the Wedge, to 
the Radius which is the Sine of a right Angle, and 
the Directions of the reſiſting Forces are ſuppoſed 
in this Caſe to contain a right Angie with the * 


— — 


Let now the reſiſting Bodies E and F be nag. 
poſed to act on the Wedge in Directions parallel 
to the Lines DP and O P, which make oblique 
Angles with its Sides, draw EG and F K perpen- 
dicular, to thoſe Lines. From what has been 
proved i it appears that the Power P is to the Force 
with. which it is able, by means of the Wedge, 
to protrude the reſiſting Bodies in the Directions 
* as the Sine of half the vertical An- 

gle 
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gle to the Radius, let this protruding Force be: ex. 
preſſed by the Line P E, and let it be reſolved into 
to Forces expreſſed by the Lines PG and G E, 
the former of theſe only will act in oppoſition to 
the reſiſting Bodies, therefore the whole protruding 


Force of the Power is to the Force with which it 


acts againſt the reſiſting Bodies PE and P F inthe | 
Directions PD and P O as PE to PG or, (becauſe 
the Triangles E PG and DP E are ſimilar) as PD 
to P E, that is as the Radius to the Sine of the 
Angle PD E; compounding therefore the Ravio of 
the Sine of half the vertical Angle to the Radius, 
with the Rat of the Radius to the Sine of the 

Angle PD E, the Power P, when the Wedge is 
kept in Agquilibrio, will be to the Force with which 
it protrudes the reſiſting Bodies in Directions op- 
poſite to thoſe: in which they act, as the Sine of 
half the vertical Angle to the Sine of the Angle 
PDE or PO F, which the Directions of the re- 
_ DR” contain 1 * * of che 


3 4 the DireQions4 in ch b reſting 
Bodies act on 4 Wedge are given, we may eaſily 

find two Lines that will expreſs the Proportion be- 
tween the Reſiſtance and the Power which ſuſtains 
it by means of the Wedge. For from P the mid · 
dle Point of the Wedge draw the Line PD meet- 
irig one of the Sides, and parallel to the Direc+ . 


bin in which the _— * acts on that Side, 
"mn 


S 
ow the Power will be to the Reſiſtance as P D to 
P B the Height of the Wedge. For PD and PB 
are to each other as the Sines of the oppolite An- 
gles, in the Triangle PB D, that is as the Sines 
of half the vertical Angle, and the Angle which the 
Direction of the reſiſting Force contains 6/with the 
Side of the Wedge. EE 


. | {Sk what has been demonſtrated we. may de- 
duce the Proportion of the Power to the Reſiſtance 
It is able to ſuſtain in all the Caſes: in which the 
Wedge is applied. Firſt, when in cleaving Timber 
the Wedge fills the Cleft, then the Reſiſtance of 
the Timber acts perpendicularly on the Sides of 
the Wedge, therefore in this Caſe, when the Power 
which drives the Wedge, is to the coheſive Force 
of the Timber, as half the Baſe, to one Side of the 
Wedge, the Power and Reſiſtance will be in 7. 20 
libris. | 


1 when the Wedge * not i 
fill the Clift, which generally happens becauſe the 
Wood ſplits to ſome Diſtance before the Wedge. 
Let EL F repreſent a Cleft into which the Wedge 
ABC is partly driven; as the reſiſting Force of 
the Timber muſt act on the Wedge in Directions 
icular to the Sides of the Cleft, draw the 

Line P D in a Direction perpendicular to E L the 
| Side of the Cleft and meeting the Side of the 
; & in D; then the Power driving the Wedge 

| and 


— 


Cog: ) 
and the Reſiſtance of the Timber, when they bal. 
lance, will be to each other as the Line P . to 
| Fr e IO CL PS. 


' Thirdly, when a Wedge is emo to PO 
rate two Bodies that lie together on an horizontal 
Plane, for Inſtance two Blocks of Stone; as theſe 
Bodies muſt recede from each other in horizontal 
Directions, their Reſiſtance muſt act on the Wedge 
in Lines parallel to its Baſe CA; therefore the Power 
- which drives the Wedge will ballance the Refiſt- 
ance when they are to each other as P A half the 
 Breadth of the Wedge to PB its Height; and then 
any additional Force ſufficient to overcome the Re- 
| ſiſtance ariſing from the Friction of the Bodies on 

the horizontal Plane will ſeparate them from each 
The inclined Plane is reckoned by ſome Writers 
among the mechanic Powers; and I think with 

Reaſon, as it may be uſed with Adventige” in 
W nn : 


| Ler the Line A B (pig 40 copier the 1 
of an inelined Plane, A D its Height, and the Line 
B D we may call its Baſe. Let the circulat Body 
GEF be ſuppoſed to reſt on the inclined Plane, 
and to be kept from falling down it by a String 
| 9 ene Center C. 8 tlie Force with 
. 95 FF 22" ann 


wn FY 


( 26) 

which this Body ſtretches the String will be to its 
whole Weight, as the Sine of ABD the Angle 
of Elevation, to the Sine of the Angle which the- 
String contains with a Line perpendicular to AB 
the Length of the Plane. For let the Radius C E. 
be drawn. perpendcular to the Horizon, and C F 
perpendicular to A B, and from E draw E O pa- 
rallel to the String and meeting C F in O. Then, 
as the Body continues at reſt and is urged by three 
Forces, to wit, by its Weight in the Direction 
C E, by the Reaction of the Plane in the Direction 
FC, and by the Reaction of the String in the Di- 
rection E O; the Reaction of the String, or the 
Force by which it is ſtretched, is to the Weight 
of the Body, as EO to CE ; that is, as the Sine 
of (the Angle E C O, which is equal to} ABD 
the Angle of Elevation, to the Sine of the Angle 
E OC, equal to S CO, the Angle which the 
String contains with the Line C F n 
to A B, the Length of the Plane. 


. — 1 ** in 


When "therefore the Sting i is 3 to the 
Length of the Plane, the Force with which it is 
ſtretched, or with which the Body tends down the 
inclined Plane, is to its whole Weight, as the 
Sine of the Angle of Elevation, to the Radius, 
or as the Height of the Plane to the Length. And 
in the ſame Manner it may be ſhewn, that when 
the. String is parallel to B D, the Baſe of the 
lang the Force with which it is ſtretched is to 

the 


(CL 

the Weight of the Body; as A D to B D, that is; as 
the Height of the Plane to its Baſe. If we ſuppoſe 
che String, whick ſupports the Body G E F, to 
be faſtened at 8, and that a Force, by acting on 
the Line A D, tlie Height of the Plane, in a 
Direction parallel to the Baſe B D, drives the 
inclined: Plane under the Body, and by that 
Means makes it riſe to a Direction parallel to A D. 
Then, from what was proved in the third Caſe of 
the Wedge, it will appear, that this Force muſt 
be to the Weight of the Body, as A D to B D, 
or rather in à Proportion ſomewhat greater: if 1 it 
pore me move. on andthe 8 7 7 riſe, 


/Froin: this laſt Obſervation! we may ay 
new the Nature and Force of the Screw; a Ma- 


chine of 'great Efficacy in raiſing Weights or in 


preſſing Bodies cloſely together. For if the Tri- 


angle AB D be turned round a Cylinder whoſe 
Peripbery is equal to B D, then the Length of 
the inelined Plane B A will raiſe round the Cy- 
linder in a ſpiral Manner; and form what is 


called the Thread of the Screw, and we anay 


ſuppoſe it continued in the ſame Manner round 
the Cylinder from on e End to the other; and 
AD the Height of the inclined Plane will be 
every here the Diſtance between two contiguous 
Threads of this Screw; which is called a Con- 


vex Screw. And a Concave Screw may be form- 


E 2 | © 


— 


„„ 

ed to fit this exactly, if an inclined Plane every 
way like the former be turned round the Inſide of 
a hollow Cylinder, whoſe Periphery is ſomewhat 
larger than that of the other. Let us now ſup- 
poſe the Concave Screw to be fixed, and the Con- 
vex one to be fitted into it, and a Weight to be 
laid on the Top of the Convex Screw: Then, 
if a Power be applied to the Periphery of -this 
Convex Screw to turn it round, at every Revolu- 
tion the Weight will be raiſed up thro* a Space 
equal to the Diſtance between the two contiguous 
Threads, that is to the Line A D the Height of 
the inclined Plane B A; therefore ſince this 
Power, applied to the Periphery, acts in a Di- 
rection parallel to B D, it muſt be to the 
Weight it raiſes as A D to B D, or as the 
Diſtance between two contiguous Threads, to > the 
Periphery of the Convex Screw. 

The Diſtance between two contiguous Threads 
is to be meaſured by a Line parallel to the Axle; 


if we now ſuppoſe that a Hand- ſpike or Handle 


15 inſerted into the Bottom of the Convex Screw, 
and that the Power which turns the Screw is 
applied to the Extremity -of this Handle, which 
is generally the Caſe ; then as the Power is re- 
moved farther from the Axis of Motion, its 
Force will be ſo much encreaſed (vide what was 
ſaid of the Lever, Cor. 1.) ard therefore ſo much 

| TE. may 


(29) 
may the Power itſelf be diminiſhed. So that the 
Power, which, acting on the End of a Handle, 


ſuſtains a Weight by Means of a Screw, will be 


to that Weight, as the Diſtance between two 
contiguous Threads of the Screw, to the Peri- 
phery deſcribed by the End of the Handle. In 
this Caſe we may conſider the Machine as com- 
poſed of a Screw and a Lever, or as Sir 1/aac 
Newton 99 it, Cuneus a vette impulſus. 


Of any two or more of theſe ſimple Machines 
combined together, all other Machines however 
complicated are compoſed; And their Powers and 
Manner of acting may therefore be explained 

inciples here laid down. 
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CLOUDS, RAIN and DEW, 


And on ſeveral other 


Phænomena of Alx and WarzER. 
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ON THE ' 


* F e in \ this Eflay to give ns 
V - acbounit of the Nature of Evapo- 
Is 2 ration, the Aſcent of Watry Va- 
7 pours and ſeveral other Phano- 
mena of the Atmoſphere. In ex- 
plaining which . I ſhall Proceed 
upon a Principle very different (as far as I can 
find) from any that has hitherto been uſed on this 


This Eſſay was read at a Meeting of the Royal Society on 
tte geh and teth of May, 1765. communicated in a Letter to 
the Rev. Charles „D. D. F. R. S. now Lord Biſhop of 
Opry. Vide Phil. Tranſ. Vol. LIV. To which ſome Additions 
and Improvements have been ſince made by the Author. 


F | Occaſion; 


( 34 

Occaſion; whereby I ſhall avoid thoſe Otjeftions 

: which late Writers have made to the former Ac- 
counts that have been given us of theſe Phæno- 
2 - mena, and pethaps deliver ſomething on this 2 
> that may appear ſatisfactory, _ 25 


3 all the Accotints I have met Nen Fe, of 
Heat and Rarefaction, by which Watry Vapours 
are ſuppoſed to become ſpecifically lighter than 
Air, are made to be the principal, if not the only 
Cauſes of their Aſcent into the Atmoſphere, Doc- 
tor Niewentyt, and ſome others ſuppoſed, that the 
Particles of Fire, by adhering to thoſe- of Water, 
make up Molecule or ſmall Bodies ſpecifically 
lighter than Air. And Doctor Halley thought, 
that by the Action of Heat the Particles of Water 
are formed into hollow Spherules filled with a 
finer Air, highly rarcfied, fo as to become ſpecifi- 
cally lighter than the external Air. This laft was 
the Opinion moſt commonly received, as Doctor 
Deſaguliers tells us in his Difſertation on this Sub- 
Jed (publiſhed in The Philoſophical Tranſaftions, in the 
Tear 1729) in which he examines and refutes the 
two former Opinions, and endeavours to eftabliſh 
his own. He aſcribes the Aſcent of Aqueous Va- 
pours to their being. turned into an Elaſtic Steam, 
"and always rarefied more than the Air by the 
Degrees of Heat, to which Bodies are uſually 
___ in __ E ee er the TO” THI 
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This akon and, has ew as n as 
by ſubſequent Writers, as the former ones. Mr. 
Clare, in his Treatiſe en the Motion of Fluids, has 
brought many Ohjections againſt it; as Mr. Rowning* 
has alſo done in his Syſem of Natural Philoſophy, not 
long ſince publiſhed; who ſays, that the Cauſe of 
the Aſcent of Vapours has been much diſputed, 
but not yet determined by Philoſophers, and owns: 
that he cannot think of any true Principle of Phi- 
2 n apts which it. 1 be accounted my * 8 83 


I ſhall not | hero-repont the Objections me 
thoſe; Gentlemen, but-mult beg leave to- add- the- 
two following, which, among many others that 
_ * be en meg have not taken Notice 
of. 


"Firſts If ade ng 5 Rrapors: 
tion, Water in a cloſe Room would: evaporate: 
faſter than when expoſed in a colder Place where 
there is a ——— of Air, ww? is con- 
Ot e ere e A | 15585 irs 

in n 884 | 
 Secoridly'; We eben ef Wüst, b. fas 
from depending on its being rarefied by Heat, 
chat it is carried on even whilſt Water is con- 
denſed by the Coldneſs of the Air. For Water is 
gradually condenſed by Cold, till the Moment it 
ireaves and ſince it evaporates even when frozen 
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into hard Ice, it muſt evaporate in all the lefſer 
Degrees of Cold. Mr. Boyle having counterpoiſed 
a Piece of Ice in a Scale, hung it out in a froſty 
Night, and found next Morning that it loſt con- 
ſiderably of its Weight by Evaporation, © Who 
& would have thought, ſays he, that ſo extremely 
% hard and cold a Body would eyaporate fo faſt 
« in the clear Air of a freezing Night?” and 
ſince that Time others have obſerved the ſame 


Thing; which Fact ſeems to be an unanſwerable 


Objection to all the Accounts in which Rarefaction 
by Heat is made to be the chief, if not the only 
Cauſe of Evaporation : and therefore we muſt 
have Recourſe to ſome other Principle to 0 us 
in accounting for this N . 


5 * the Author of Nature does not . 1 | 
his Works a greater Variety of Cauſes than is abſo- 


| lutely neceſſary, it is the Buſineſs of natural Phi- 


loſophy to reduce as many Phænomena as may be 
to ſome general well-known Cauſe; and this is to 


be done by comparing the Phenomena: together 


in their ſeveral Circumſtances, in which if they 


are found to agree, they are then to be conſidered 


as Effects. of the ſame Kind, and aſcribed to the 
ſame Cauſe; by which Means, the Cauſes, whoſe 
Exiſtence. is already proved, will be rendered 
more general, and our Knqwledge more extenſive. 
Now, as the Suſpenſion of the Particles of Water 
mane of Salt inthe Waters of the Occan, and of 
A other 


- 
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other heavy Bodies in the Fluids that diſſolve 
them, ſeem to be Phænomena of the ſame Kind, 
we might reaſonably ſuppoſe, that they ariſe ſrom 
the ſame Cauſe, and that what we call Evapora- 
tion is nothing more than a gradual Solution of 
Water in Air. But that I may not propoſe this 
merely as an Hypotheſis, I ſhall endeavour 'to 
prove the Truth of it, by conſidering the Nature 
of Solution in general and comparing its Proper- 
tics 10. N Ne with thoſe of e ä 


85 S0 we r fuch an intimate 
Union between the Particles of a Body and thoſe 
of a Fluid, that the Whole ſhall : eee Homoge- 
neous Maſs, as tranſparent as the Fluid was before 
ſuch Union, and ſhall ſo continue, till ſome ex- 
_ ternal Cauſe. produces a Change. The Nature of 
Solution has been explained by the Writers on | 
Chymiſtry in this Manner; When the Particles of 
any Body ſurrounded by a Fluid are leſs ſtrongly 
attracted by each other than by the Fluid, they 
muſt ſeparate from each other, and join themſelves 
to thoſe of the Fluid, and remain ſuſpended there- 

in: Thus various Salts are diſſolved in Water; 
eſſential Oils in Spirits of Wine, Gold in Aques 
Regia, Mercury, Silver and other Metals in other. 
acid Spirits; and indeed it ſeems to be with great 
Appearance of Reaſon, that the Attraction be- 
tween the minute Particles of different Bodies (of 
which we have ſo many other Inſtances) is aſſigned 
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- (tak & - 
as the Cauſe of that Union between them, which 
we experience in Solutions; the chief Properties 
of which I ſhall now mention, ſo far as may be 
neceſlary for nnn to 3 to aw: 
ply them. n 4 


In moſt Caſes a diſſolving Fluid; or 3 od 
as the Chymiſts call it, will diffelve or take up | 
only a certain Proportion of the Body immerſed, 
and if then any more of the ſame Body be added, 
it will precipitate, or fall to the Bottom, and then 
the Fluid is ſaid to he ſaturated with the Body it has 
diſſolved; yet a Fluid which is ſaturated with one 
Body may afterwards diſſolve others of different 
Kinds, and keep al their Particles ROE 
together. 


When any Morten has ae: diſſolved: 4 
Body, it will continue as tranſparent as it was 
before; the Cauſe of which may be aſſigned from 
what Sir 1/aac Newton diſcovered by Experiments, 
vn. that the Particles of Bodies muſt be of a cer- 
tain Size or Bigneſs to cauſe any Reflection or 
Refraction of the Rays of Light at their 
. Surfaces to which Opacity is owing 3 whence 
he gives the Reaſon, why ſome Bodies are opake 
and others branſparent. He alſo obſerves, 
that the moſt opake Bodies (ſuch as Metals) being 
diſſolved in an acid Menfiruum, and thereby r 
to their ultimate and ſmalleſt Particles, do not take 


1 Tranſparency of the Menftruum. 
| Hence 
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Hence we may always know how to diſtinguiſh 
« Sotition from a Mixture. For, if a Body be 
reduced to Powder and thrown into a'-Flui@ that 
will diſſolve it, and they are then ſhiaken ſuddenly 

together, the Fluid will continue ſome what opake, 
till the Solution be effected, or till what remains 
undiſſolved falls to the Bottom; for in this Caſe, 
the Particles are not at firſt reduced to their ſmall- 
eſt Size, as they always are in a Solution. I think 
therefore we may conſider the Tranſparency of an 
heterogeneous Fluid (or one that contains il it 
Particles of another Body) as the Criterion of a true 
Solution; and where that is wanting, it is only 4 
Mixture; as when Water and Air appear togethet 
in Froth, or in a Cloud, or a thick Miſt, it is only 
a Mixture of thoſe Bodies, and not a « Solution he 
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bn Pre being Premed concerning the Na. 
ture of Solutions in general, I proceed to the 
Proof of What I propoſed; and in Order to this, 
I ſhall ſhew that there i is a mutual Attraction Bf 
tween Water and Air, the ſame that we obſerve 
between the Particles of any two Bodi ies, one of 
which diflolves the other. 1 ſhall then compare in 
ſeveral Inſtances, the Properties and Effects of 
common Solutions with thoſe of Evaporation ; 
that from the exact Reſemblance between theſe | 
two Phenomena, it may appear that they are na · 


# 
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tural Operations or Effects of a like Kind, and 
therefore to be explained upon the ſame Princi - 
ple, or aſcribed to the ſame Cauſe. Thence I 
ſhall ſhew, how the Aſcent of Vapours, and ſeve- 
ral other Phænomena of the Atmoſphere may be 
accounted for. And laſtly, I ſhall add ſomething 
on the riſing of Steam from boiling Liquors, and 
ſhew wherein it differs from common Evapora- 


I amfirſt to prove that there is an Attraction 


| between the Particles of Air and Water. It is 
well known, that all Water contains a conſiderable 


Quantity of Air, that retains its Elaſticity by 
Means of which it may be ſeparated from the 


Water by boiling and including it in an exhauſted 


Receiver. And it has been proved by Experiments, 
that Air extricated from Water by boiling, and 
reſtored to. its uſual Denſity, will oocupy a Space 
greater than that poſſeſſed by the Water in which 
it was contained. Now ſince it is allowed that the 
particles of ſo heavy a Body as Gold are ſuf] pended 
in Aqua Regia by their Attraction towards the Par- 
ticles of that Fluid, it ſeems reaſonable to ſup- 
poſe, that ſo light and elaſtic a Body as Air muſt 
be retained under Water by a like Force, without 
which it would always aſcend to the Surface and 


© cleape, But that there is really ſuch an attractive 


4 


Force 5 
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Force between Air and Water, has beets ul 
: proved: by, the following E 2 


1 an Oil - Flaſk be filled almoſt- full with Wa. 
ta deprived of its Air, as much as may be; let 
the Mouth of it be then ſtopped, until the Neck 
being invetted is immerſed in a Veſſel of Water; 
a Bubble of Air will then aſcend into the upper 
Part of the Flaſk. When Things have ſtood in 
this Way for fore Days, the Water will be found 
to have abſorbed the whole Bubble of Air (if it 
was not too large) and entirely filled the Flaſk. 
But if the Bubble was too large, part of it will 
be left; for the Water, after ſome time, will abſorb 
no more Air, being then ſufficiently ſaturated 
with it. It is obſervable that a Part of the in- 
cluded Air enters pretty quickly into the Water 
at firſt, but what remains afterwards makes its 
Way in but very ſlowly. This Experiment ſhews 
that Water, when deprived of its Air, will again 
draw the Air gradually into its Pores; juſt in the 


fame Manner as a Lump of dry Sugar will draw 


up Water into its Pores, which will aſcend pretty 
quickly at firſt, but very ſlowly after ſome Time. 
We have Reaſon therefore to oonelude, that there 
is the ſame kind of Attraction between Air and 
Water, that there is between — * Ae oy 
ogy OY en wi hat * ws mm 


" — : * * 
1 r „ 34 
* * £ " 3 
5 * 
— ; * 


66 220 


As Water contains a conſiderable Quantity of 


Air, ſo does Air contain a good deal of Water, 


even when we think it quite pure and ary ; v as ap- 
pears from the Moiſture drawn from it by dry 

Salt of Tartar, in ſuch Quantity as to make the 
Salt become entirely fluid. Now ſince the Air is 
an heterogeneous Fluid containing in it Particles 
of another Body, and yet retaining a perfect 
Tranſparency, which is the Criterion of a true So- 
Jution in other Caſes; why ſhould we not infer 
from Analogy, that in this Caſe alſo thory 1 is & 
true Solution of Water in Air ? | 


But the Truth of this will be confirmed by 
farther comparing the Properties of common So- 

lutions with thoſe of Evaporation z which I # ul 
now do in ſeveral Inſtances. | 


Firſt; P 
chat diſſolves it, for Inſtance a Lump of Salt in 
Water, we ſee the Salt ſoon. begin to diſſolve, and 
impr with its Particles the Water that ſur- 
rounds it, which will then appear thick and logd- 
ed, and if the Water be at Reſt the Solution 
will very ſlowly; but if it be ſtirred 
about, the Salt will foon be entirely diſſolved, 
How exactly does this correſpond with what Dr. 
Hally remarked in an Expyriment he made on the 
Evaporation 


C4453 
Evaporation of Water in a cloſe Room? (Phil: 
Tranſ.. No. 198.) The ſame: Obſervations 


« ſays he, do likewiſe ſhew an odd Quality in 
& the Vapours of Water, which is, that of adhering | 


& to the Surface that exhales them, which they 


« clothe as it were with a Fleece of vapourous 
« Air, which once inveſting it, the Vapour riſes. 


« afterwards in much leſs Quantity.“ Here we 
ſee, that the Air which lay at reſt over the Water 


appeared thick and loaded with the aqueous Parti- 
cles, and then the Fvaporation proceeded: very 


flowly ;, juſt as the Water that lies about the Salt, 


appears thick and loaded, and while it continues. 


at reſt, the Salt is diſſolved but lowly. He ala 
obſerves on the ſame Occaſion, that Evaporatian 
is vaſtly promoted by a Current of freſh Air paſſ- 


ing over the exhaling Surface: and this I have no 
doubt happens for the ſame Reaſon that Solution 
is greatly promoted by Agitation, which continu- 
ally brings freſh Particles of the Fluid into con- 


tact with the Body it diſſolves, in the Place of 
thoſe that have been Woo. faturated. [a] 


7 5 Scecondly. 


LA This Fleece of vapourons Air that hn hangs over 
Water, is very difcernable when we ſtand by the Sea-fide in a 


het calm Day, and is the Cauſe of fome odd Appearances. 
For the lower Part of the Air, which is then much impreg- 
na: ed with Water, refracts the Rays of the Light more ftrongly 
CE INE AOL mme 


Houſes 
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out of the Water, and to hang in the Air above its Surface. 
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Secondly; Into a Glaſs of clear cold Water 


throw a Lump of any Salt which is ſoluble in 


it, and when it has ſtood a little Time, ſhake 


the Glaſs or ſtir the Water very gently, and the 


Water which is ſaturated with the Salt will riſe up 


among the reſt of the Water in curled Wreaths 


or long Striz, which will render the Water ſome- 
what opake, cauſing it to refract in different Di- 


rections the Light of an Ohject ſeen through it, 
and will make the Object appear to have a tre- 


mulous Motion; this will continue until all Parts 


of the Water are equally impregnated with the 


Salt, and then its Tranſparency will be reſtored. 


As the Parts of the Water which are impregnated 


with the Salt are of different Denſities from the 


reſt, while they are mixing together, they muſt 
occaſion thoſe Refractions and this apparent tre- 


mulons Motion, which will ceaſe as ſoon as all 


the Water becomes of the ſame Denſity. The 
very ſame Appearances will attend the mixing to- 


gether of any two Fluids of different Denſities, 
and. which will thorough| * incorporate with each 


other. 


MP hon. the Shore at a Diſtance from. us appear almoſt as 
high as Stceples, remote Ships and Iſlands and the extreme 


Parts of Head. lands or Promontories appear to be raiſed quite 


. 4 
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In like manner, when Smoke or. Steam, inung 
from the Pipe of a boiling Veſſel, firſt riſes into 


the Air, it appears in curled Wreaths and renders | 


| the Air opake; but as ſoon as it is entirely diſc 
perſed, the Tranſparency is reſtored. Thus alfo in 


a calm, hot, Sun-ſhine Day, when we look along 


a moiſt Piece of Ground, the Air and any Object 
ſeen through it appear to have a tremulons Mo- 
tion, like that which we obſerve in an Ohject, 
ſeen through two Fluids which are mixing together. 


Now, as the Vapours riſe here in great Abundance 


and the Air has but little Motion, thoſe Parts of 
it that are much impregnated with aqueous Parti- 


cles are mixed gradually with the Air that is drier 


and of a different Denſity; which will occaſion 
Refraclions of the Light, and that apparent tremu- 
lous Motion, juſt now mentioned; and in this 
Caſe, the Solution of Water in Air (if 1 may yet 


venture to call it by that Name). is carried; on in 


a Manner viſible to the Eye, as Solutions are in 
other Fluids. The ſame tremulous undulating 
Motion is more obſervable, when we look in warm 


Weather through a Teleſcope,” which magnifies 
the Vapours floating in the Air: and from this 


kind of Refraction the twinkling of the Stars 
| ſeems to ariſe ; with this Difference only, that the 


watry refracting Particles in the Day-time are 
ing into a State of Solution, whereas the Va- 


mow already diſſolved are by the Cold af the 
Night 


(46) 
Night beginning to precipitate, and return into 
Particles large enqugh to cauſe Refractions in 
the Light of "ihe Stars. / 


- Thirdly; Heat promotes, 4 Cold in 8080 0 
Meafure ſtops or cheeks both Solution and Eva. 
poration. Very hot Water will diſſolve Salt ſooner 
and in a greater Quantity than cold Water; 
and if a ſtrong Solution ef Salk be made in hot 
Water, the Water when cold will let go fome of 
the Salt before diſſolved, which will fall to the 
Bottom in ſmall Particles or ſhoot into Chryſtals. 
Juſt fo will Water evaporate faſter in warm than 
in cold Air; and the aqueous Vapours fufpended 
in the Air during the Heat of the Day, fall down. 
at Night and form themſelves into Drops of Dew, 
er if the Night be very cold appear next Mozning 
Chryſtahzed in a Hoan-rFrogr. And thus if in 
a hot Day a Bottle be filled with any very cold 
Liquor, and expoſed to the warm Air, which to 
us ſeems very dry, a Dew will be ſoon formed on 
the outſide of the Bottle ; for the Air about it be 
coming cold will let go Part of its Moiſture, which 
will be attracted to the Surface of the Glaſs; for 
the ſame Reaſon a Dew is formed on the Infide of 
the Windows: of a warm Room which on their 
Outſide are expoſed to the cold Air. Hence alſo, 
we may obſerve, that as there cannot be ſo conti- 
nual and copious an Rxaporation in cold Weather, 
the Air will 8 clearer than it is in 
hot Weather. 

Heat 


0 


Heat aan to promote Solution, bergauf 11 ex- 
pands Bodies, and thereby enlarges theit-Pores, 
and leſſens the coheſive Attraction of theit Parti- 
eles; ſo that a Body, when hot, will more eaſily 
admit a diſſdlving Fluid into its Pores, and its 
Particles not cohering together ſo ftrongly; as wett 
cold, will more readily quit each other, and unite 
dhertſelves to the Particles of the Fluid by which 
they are atttacted; and for the ſame Reaſon Heat 
will alſo Nane the Evaporation of Fluids, - 


But fourthly 4 The Quantity of a Body diſlolved, 
and of a Fluid evaporated, in 2 given Time, de- 
pends (ceteris paribus) on its Quantity. of Surface, 
Thus a Body reduced to Powder is ſooner diſſolved 
than when it is in a ſolid Form; and thus Smoab 
or Steam (which is Water reduced to very ſmall 
Particles by Heat) is much foonet diſperſed and 
Form with Air, Uni Water i in its e 


© Fifthly; Chymiſts obſerve, that ya Sex-Salt, 

| Sal Ammoniac, or Nitre, is diſſolved in Water, or 
eſſential Oils in Spirit of Wine, ſome Degree of 
Cold is produced in the immediate Act of Solus 
— my _ the quicker the Solution, the greater is 
By diſſol ded or tather 
Snow (whoſe . 1 in 
Spirit of Nitre, a Degree of Cold has been pro- 
duced ſo great as to freeze Quick - ſilyer. Cold is 
| likewiſe * in the Act of Evaporation. For 
if 


* 
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if Spirit of Wine, or Ether, having the ſame 

Temperature with the Air, be rubbed lightly with 
2 Feather over the Ball of a Thermometer, it will 
fink as the Spirit evaporate ;, and the quicker they 
evaporate, the faſter will the Thermometer ſink; 
thus I have made Water freeze ina thinGlaſs mere. 
ly by the Evaporation of Æther promoted by a Cur- 
rent of Air. Water will likewiſe produce Cold, 
if it be uſed inſtead of Spirits, provided its 
Evaporation be. promoted by a ſtrong Current of 
Air. That Cold is produced by the Evaporation 
of Water appears from the Practice of Sailors, 
who, in hot Climates, cool their Liquors by wrap- 
ping the Veſſels in wet Cloths, and hanging them 
up where they are much expoſed to the Wind and 
1 an _— n a hoes 


Two Obſervation ſhews a very 3 
Agreement . 345 the Natures of Solution and 
Caſe, I cannot pretend to ſay; but I muſt beg 
leave juſt to apply this Fact, to account for a Thing 
which I believe moſt People have taken Notice of! 
If we rub Hungary: Water, or any other volatile 

Spirit over our Hand, it will feel much colder 
than Water, tho they be both of the ſame: Tem- 
perature, and will both feel equally cold, if we 
dip our Finger into each. The Reaſon of Which 
is, that the Spirit evaporating much quicker than 
the moor 245 ry a 45 N 1 


at a * 
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And ſo Ether; if it be applied in che dme 
Wey, will fee! colder than ay other- Spirit, on 
Account of ita more ſudden 8 


«#3 4 


Sixthly; It is knoyn, that redtified. 5p pirit of 
Wine, 'whin' pü rged of Air, will imbibe 4 large 

Bubble of Air in a much ſhorter Time than Water 
will do, and I have myſelf experienced the Truth 
of this, which ſhews that there is a ſtronger At- 
traction, or affinity (as the Chymiſts call it) between 
Spirit of Wine and Air, than between Water and 
Air, and ſince the Spirit evaporates much faſtet 
can the Water, I think we may conclude from 
hencs/'that the Evaporation of Fluids ariſes from 
an attractive Force between their Particles and 
thoſe of Air. [s] But here it muſt be obſerved 
that the Spirit is not only more ftrotigly attracted 
by the Air than Water * ul Tings, mote _— 


* 


e 6a air etc el a eh tte they 
may evaporate in Proportion to dhe | AttraRtion between them 
and Arr. But the Caſe is very different in ſuch Flünde us ure 
viſcid; for - tho' I found that Oil of Olives, when purged of 
Air, been ago gSy eg en nr 
| yer the Evaporation of Of, is frech (f at all ſenfible, 

Reaſon of which muſt be, that the ArtraQion between Air 

r 
and ſeparate them from each other, tho it is ſufficient to draw 
into the Oil the Particles: of Air, which, haue n AttraQios 
towards each other; juit as, Water is drawn, into a Sponge, | 
the' the Attraftion of the Water is nee able” to epa * 
Particles-<f the/Spangs from each other. 


500 
rareſied by Heat, i its A, 4. Gem: to cohere toge- 
ther more ſlightly than thoſe of Water, and there- 
fore may be more eaſily ſeparated. by the Attrac- 
tion of the Air. | 


Seventhly ; . - + into any act. we N a 
Body, which it diſſolves, and afterwards add ano- 
ther, to which the Menſtruum has a greater Affinity 
than it has to the firſt, it will diſſolve the fecond 
Body, and let go. the firſt, which will be precipi- 
tated and fall to the Bottom. In the very ſame 
Manner will a Fluid let go the Air it contains, 
upon the Addition of another Body. to which it 
has a greater Affinity than it has to the Air. 
Thus if to well rectified Spirit of Wine we add 
an equal Quantity of clear Water, theſe Fluids 
(which ſo readily incorporate) having a greater 
Affinity to each other than to the Air they con- 

tain, will let go a great Part of that Air, which 
will riſe to the Top, or adhere in ſmall Bub- 
bles to the Sides of the Veſſel. This, I think, 
ſnews that Air is contained in theſe Fluids, in 
the ſame Manner that the Particles of a Body 
are contained in a Menſtruum that diſſolves it; 
and hence I conclude that the Air which is im- 
bibed by any Fluid is, properly ſpeaking, diſſolved 
in that Fluid ; and conſequently that any Fluid 
which evaporates, or is imbibed by the Air, is 
alſo, properly ſpeaking, diſſolved in Air. Upon this 
Principle we may ſay, that Water is drawn out 

of 


1 6 
of the Air by dry Salt of * from its having 
a greater Affinity to that Salt than t to the Air. 


I ſhould not ave? ban fo tedious | in comp aring 
together the Natures of Solution and Eyaporation 
in ſo many Inſtances, but that it gave me an Op- 
portunity at the ſame Time of explaining ſome 
of the Phænomena that I at firſt intended to con- 
ſider; which Explanations J believe will be ad- 
mitted, if I am right in the main Point I have 
endeavoured to prove. And really when we con- 
ſider how exactly Solution and Evaporation agree, 
in their ſeveral Appearances, Properties and Ef- 
fects, I think we muſt be convinced that they are 
-natural Operations of the ſame Kind, and that 
-what we call Evaporation, is nothing more than 
a gradual Solution of Water in Air, produced and 
promoted by the ſame Means (to wit) Attraction, 
Heat, and Motion, by 9 other Ne gc are | 
e 


- T ſhall now endeavour to account for ſeveral 
Phenomena of the Atmoſphere upon this Prin- 
Ciple, which will be till further confirmed, if it 
be found to anſwer the ih to which it is 
e . 


The loweſt Part of ths Air „tan preſſed by the 
Weight of the Atmoſphere againſt the Surface of 
| "= A the 


( 
the Water, and continually rubbing upon it ” 
its Motion, has thereby an Opportunity of attract- 
ing and diſſolving thoſe Particles with which it is 
in contact and ſeparating them from the reſt of 
the Water. And ſince the Cauſe of Solution in 
this Cafe is the ſtronger Attraction of the Particles 
of Water towards the Air, than towards each other, 
thoſe that are already diſſolved and taken up, will 
be ſtill further raiſed by the Attraction of the dry 
Air which lies over them, and thus will diffuſe 
themſelves, riſing gradually higher and higher, 
and thereby leave the loweſt Air not fo much ſatu- 
rated, but that it will be ſtill able to diſſolve and 
take up freſh Particles of Water. And thus Ice 
or Snow will eyaporate as well as Water, its Par- 
ticles being attracted and diſſolved hy the Air, 
which. is ſtrongly preſſed againſt its Surface; for 
tho Heat promotes bath Solution and Evaporation, 
vet we do not find that in either Caſe any * ; 
Degree of it abſolutely neceſſary. [o] 


f In this Manner will Aug O us Vapoxs aſcend 
flowly into the Atmoſphere, even when we ſuppoſe 


- [c) Water by freezing is deprived of its Air, which we ſee 
gathered into Bubbles through the Ice, therefore the Subſtance 
of the Ice being deprived of Air, will attract the external Air 
more ftrongly than common Water does, which is ſaturated 
with Ait. And on this Aceount, © ſhould think it probable, 
zhat Tee, e 


lai as common Water. 
- the 
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the Air almoſt at reſt, for I believe it is never per- 
fectly ſo. But the Solution of Water in Air, and 
the Aſcent of Vapours, is greatly promoted by 
the Motion of the Winds, which bring freſh and 
drier Air into the Place of that, which may be al- 
ready ſaturated and loaded with Moiſture, carry- 
ing it, together with its Moiſture, into the higher 
Parts of the Atmoſphere and My it into 
all Quarters, 


| Tf we ould mow ſuppoſe the Atmoſphere to re- 

main always of the ſame Temperature as to Heat 
and Cold, and to have always the ſame Denſity ; 
when it was once ſaturated with Water, all Evapo- 
ration would ceaſe, and the Vapours already raiſed 
would always remain ſuſpended ; for a Fluid, while 
it remains of the ſame Temperature and Denſity, 
will never let go the Particles of a Body that ir 
has diſſolved. We mult therefore conſider what 
are the Cauſes which occaſion the Air ſometimes 
to part with the Water it has diſſolved, and 
which thereby keep up a continual Circulation of 
Vapours ; and theſe I ſhall ſhew to be the frequent 
Viciſſitudes of Heat and Cold, Condenſation and 
Rarefaction, to which the * is ſub- 
** 
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As to the Effects of Heat and Cold, I have 
already ſhewn that the former promotes, and the 
latter checks or in ſome Meaſure hinders Evapo- 
ration as well as other Solutions ; of which I gave 
en Inſtance in the Vapours that are ſuſpended in 
the Heat of the Day, and by the Cold of the 
Night are precipitated and ſuffered to coaleſce 
into Drops of Dew. From the Snow that ties ſo 
long on the Tops of the Mountains, and from 
the Experience of thoſe who have paſſed over them, 
we find that the higher Parts of the Atmoſphere 
are much colder than the lower. Now tho” Va- 
pours are firſt raiſed, and abound moſt in the 
Jower Parts of the Armoſphere, yet they cannot 
there form themſelves into Clouds, becauſe the 
Heat that helped to diſſolve them, helps alſo to 
keep them diffolved. But when' they are carried 
by the Winds into the higher Parts, where the 
ſame Heat is wanting, the cold Air will not be 
able to keep diſſolved all that are catried up, but 
muſt ſuffer ſome of them to coaleſce into ſmall 
Particles, which ſlightly attracting each other and 
being intermixed with Air will form CLouDs, 
having the very fime Appearance with Steam or 
Smoke, which alſo conſiſts of ſmall Particles of 
Water mixed with Air and not yet diobved in it. 
Theſe Clouds when firſt formed will remain ſuſ- 
pended, though ry conſiſt of Water, as well as 

f Air; 


8 
Air becauſe the Weight of their Particles will 
not be able to overcome the Reſiſtance they mult 
meet with in deſcending through the Air, For 
when Bodies are diminiſhed, their Quantities of 
Matter, to which their Weights are proportional, 
decreaſe faſter, or in a greater Ratio, than their 
Surfaces to which the Reſiſtance they meet with 
is proportional, and therefore in very ſmall Parti- 
cles, this reſiſtance may become greater than their 


Weight. The different Heights at which Clouds 


are formed, depends on the Quantity of Vapours 
carried up, and the Degrees of Heat in the upper 


Parts of the Atmoſphere; for the Vapours may al- 


ways aſcend till they meet with Air fo cold or ſo 
thin that it is not able to keep diſſolved all that are 
carried up; hence Clouds are generally higher i in 
Summer than in Winter. When Clouds are much 
increaſed" by 'a continual Addition of Vapours, 
and their Particles are driven cloſe together by 
the Force of the Winds, they will run into Drops 
heavy enough to fall down in Ra ix, Sometimes 


the Clouds are frozen before their Particles are 


gathered into Drops, and then ſmall pieces of 
them, being condenſed and made heavier. by 
the Cold; fall down in thin Flakes of SNOW, 
which appear to be Fragments of a frozen Cloud; 
but if the Particles be formed into Drops, bees 
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When the Air is replete with Vapours, and a 
cold Breeze ſprings up, which it often does from 
the Sea, the Solution of theſe Vapours is checked, 
and Clouds are formed in the lower Parts of the 
Atmoſphere, and compoſe what we call a Misr or 
Foo. This generally happens in a cold Morning, 
but when the Sun has been up for ſome time, the 
warm Air again diſſolves thoſe watery Particles, | 
and it frequently clears up, In a hot Summer's Day 
the Air lying over wet Marſhy Ground is  copiouſly 
filled with aqueous Vapours, but the Air growing 
cooler aſter Sun-ſet, will not be able to keep all 
thoſe Vapours diffolved, but muſt let ſome Part 
of them unite quickly into very ſmall viſible Par- 
ticles, and form thoſe Miſts which appear to riſe | 
from Marſhy Grounds. in a Summer's, Eveni 
The Vapours near the Ground being more de de 
and copious, will be firſt affected by the Cold, and 
afterwards thoſe that are thinner and higher up. 
fo that the Miſt will be low at firſt, but will en- 
creaſe in Height afterwards. But beſides, theſe 
Grounds and the Water they contain will acquire 
ſuch a Heat from the Sun that they may retain it 
for ſome time, and communicate it to the conti- 
guous Air, ſo that the Vapours may continue to 
riſe for ſome time after Sun-ſet, and vill become 
viſible when they get up a little Way into the 
| capes Air. After a warm and unclouded Day in 


Summer 


N 
Summer there falls abundance of Dew, and the 
Air ſcarce recovers its clearneſs 'till towards Morn- 
ing, when it is pretty much cooled ; but on the 
firſt Return of Heat, at Sun- riſe or a little before ; 
it, the Water, which i is then plentifully ſpread over 
the Ground and the Leaves of Trees and Plants. 


in very ſmall Drops, begins again to diſſolve, and 


while it is diſſolving occaſions that Hazingss- ſo. 
_ obſervable in a hot Summer” s Morning about Sun- 
Yiſe and for ſome time after. Here it may be 
proper to obſerve, that when the Particles of Wa- 
ter are of a certain Size, they will render the Air 
equally opake, whether they are Nang ir into a 
State of Solution, or e from, 7 BY x 


| Thoſe * thick + ak Toon: 75 5 
juſt now are often attended with a very light ſmall 
Rain; for the Vapours are then returning: faſt 
from a State of Solution, and we ſee the Drops 


at their firſt Formation, and they are ſuch as we 


generally meet with in paſſing over high Moun- 
tains. So that it ſeems the Drops of Rain are 
very ſmall when firſt formed in the Clouds ; but 
being driven about by the Motion of the Air in 
their Deſcent, ſome of them will probably touch, 
. each other 'and run into a Drop of a larger Size, 
and the farther they have to fall, the more will. 
their Size be encreaſed before they come to. the. 
Ground. And for this Reaſon, the Drops which 
_ * the higher Clouds in Summer are found 
1 to 
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to be generally larger than they are in Winter, 
when the Clouds are low. It has been likewiſe 
obſerved that the Drops of Rain are remarkably 
large that fall in ſudden Thunder-Showers.; of 
which the Reaſon may be, that the Lightning 
burſting from a Cloud and expanding itſelf greatly, 
will ſuddenly remove the Air from its Place, which 
Air muſt therefore return to its Place with great 
Violence, and thereby the watery Particles in the 
Clouds will be ſtrongly agitated and driven againſt 
each other, by which Means they will form them · 
ſelves into larger Drops than at other Times. Or 
perhaps it may be ſaid, that when a Cloud is filled 
with Lightning, which is the ſame as the electric 
Matter, the watery Particles like other electrified 
Bodies, will repel each other, but being ſuddenly 
deprived of this repelling Matter, will by their 
mutual Attraction come together again with ſome 
Velocity, and therefore 1 run into * larger 
than uſual. | 


"When the Wind. blows from the Sonth, it is 
generally warm and comes replete with Aqueous 
Vapours which it has diſſolved, but coming into 
a colder Climate it cannot. there keep the ſame 
Quantity of Vapours diſſolved that it did before, 
and conſequently muſt part with ſome of them and 
let them precipitate; and therefore Squtherly 
Winds generally bring us Rain. On the other 

Hand, 
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Hand, when the Wind blows from the North, or 
any Point near it, as it is very cold it cannot have 
diſſolved a great deal of aqueous Vapours where 
it came from, and therefore coming into a warmer 
Climate it is ready to diſſolve more. And on this 
Account theſe Winds, if they continue long, are 
found to be very dry and parching, and are gene- 
* attended with fair Weather. 


| © Theſe * to be the Effects of Heat ang Cold, 
3s far as the different Temperatures of the Air wil} 
occaſion it to diſſolve and take up, or let go and 
precipitate the aqueous Vapours, in conſequence 
of which we ſometimes perceive Changes of the 
Weather, even when there is no Change i in the 
| . of the hoon. o 5 


But Condenfation and RacefaQion will alſo have 
the like Effects in promoting the Solution of Wa- 
ter in Air, or in occaſioning ſome Part of what 
has been diſſolved to return again into Water and 
precipitate. It ſeems reaſonable to ſuppoſe, that 
denſe Air in which the Particles lie very near each 
other, will be better able to diſſolve and keep 
ſuſpended a Quantity of Water, than the ſame 
Air when diffuſed through a greater Space. And 
that this is really ſo, we have an experimental 
Proof.” Fbr when a Receiver is partly exhauſted, 
| we ſee be ay hy Air begin to let 8⁰ the Water 
„ —1 2 > IS hee it 
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it contained, which gathering into ſmall Particles 
appears like Steam or Smoke falling to the Bottom. 
In order to prove the ſame thing by other Expe- 
riments, when a Cup of Water or rather of Spirit 
of Wine (which evaporates faſter) had ſtood for 
ſome time in a cloſe Receiver 'full of Air, I 
rarefied this Air ſuddenly, by letting it ruſh into 
another Receiver that was exhauſted, and imme- 
diately the Vapour that was before ſuſpended ga- 
thered into ſmall Particles and fell down in a very 
viſible Shower. I alſo took from the Air-pump a 
large exhauſted Receiver 20 Inches long, having at 
the Bottom a Braſs Plate, with a Stop-cock in the 
Middle of it, when the Stop-cock - was opened, 
the external Air ruſhing in violently, and being 
much rarefied, let go the Water-it' contained, and 
threw it againſt the other End of the Receiver, 
where it ſtuck on the Glaſs, and covered it with 
a thin Dew, which I found to encreaſe until the 
dae, was almoſt full of. Air. 


Theis 1 prove; ak Air aſa rare - 
fied, cannot keep as much Water diſſolved as it 
does in a more condenſed State. And hence we 
muſt conclude, that when the Atmoſphere is ſa- 
turated with Water, and changes from a denſer 
to a rarer State, the higher and colder Parts of it 
eſpecially will begin to let go ſome of the Water 
befare diſſolved; which will form new Clouds or 
add to the Size c or Number of the Particles before 
* 


„ 
formed, and thereby render them more apt to 
fall down in Rain. On the contrary, when the 
Atmoſphere changes from a rarer to a denſer State, 
it will then be able to ſtop the Precipitation of the 
Water and again diſſolve in the Whole, or in Part, 
ſome of thoſe Clouds that were formed before, 
and conſequently will render their Particles leſs 
apt to run into Drops and fall down in Rain. 
And thus we generally find by Experience, that 
the rarefied and condenſed States of the Atmoſ- 
phere are reſpectively attended with Rain or fair 
Weather. Though this does not happen at all 
times, for the Air, tho' rarefied, may not then 
abound much with aqueous Vapours, having al- 
ready - parted with a good deal of them. So 
| likewiſe when the Air is denſe and heavy it may 
then be much loaded with aqueous Vapours, which 
will encreaſe its Weight, (and indeed it muſt be 
ſo after a long continuance of fair Weather) and 
we may then have Rain even before we can per- 
ceive - by the Barometer, that the Atmoſphere 
ew, to a rarer Stare. 11 
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"pay The vii raiſed into the Atmoſphere will certainly 
add ſomewhat to its Weight, but the Difference in the Quantity 
of Water contained in the Air at one time and at another cannot 
make any conſiderable Change in its Weight. For the Qyan- 
| tity of Rain has been accurately meaſured that falls (communibuc- 
N n Parts of Europe, and by taking theſe N 
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| Upon this Principle, I think we may. account 
for the Changes of the. Weather, which' uſually 
attend the riſing and falling of the Mercury in the 
Barometer, better than by ſaying, that when the 
Air grows rarer and lighter, it cannot by the Laws 
of Hydroſtaticks ſo well ſupport the Clouds and 


Vapours, and therefore muſt permit them to fall 


down in Drops of Rain. For when the Air 
grows rarer, altho' the Clouds will deſcend into 
a lower and denſer Part of it, yet they will be 

there ſupported, and I do not fee why their Par 
ticles ſhould be more apt to run into Drops there, 
than when they were higher up, unleſs they re- 
ceived ſome Addition from the Water ' depoſited 
among them by the TOR; iN the nen y 


2t 2 Medinm, I find that * any one e Place there u 
fa}, one Year with another, as much Rain as ' wonld amount 

altogether, to the Height of 28 Inches, which is equivalent in 
Weight to two Inches of Merenry; if therefore we were to 
ſappoſe this whole Quantity of Rain to be ſuſpended in the Air 
at one Time, and then to fall before any more Vapours were 
taken up, the Mercury in the Barometer would, on that Ac- 
count, fall two Inches. But we cannot make ſuch a Suppoſition, 
for the Rain falls in ſmall Quantities and at different Times, 
and the aqueons Vapours are again taken up into the Air im- 
mediately ; ſo that the Difference jr n the Quantity of Water ſul 
tained | in the Air, at one Time | 5 than at another, can add 
þy its | Weight but very b bitle” to the Height of the Mercury, in 
the Barometer, probably not Yo much as the tenth * * an 


* * 6 + N . * 4 2 * -v 
i 9353 f AVE 
” 


- - 


1 
have juſt now mentioned. For ſince the Air is 
rarefied gradually, the Clouds can deſcend but 
very ſlowly, and therefore their Particles will not 
be ſo much preſſed together by the Reſiſtance they 2 


meet with in their Deſcent,” as they generally are 
os the Winds which blow 1 upon them. N 


* 2 
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When the Atmolphere i is ſaturated with Water, 
10 grows colder and rarer than it was before, 
we ſhall then perceive the lower Air begin to 
part with ſome of the Water it contains, which 
will fall inſenſibly to the Ground, or adhere to the 
Walls of Houfes, or other Bodies ; expoſed to it, and 
make them become damp or wet. And if the 
Moiſture ſettles on the ſmooth Surfaces of cold 
Bodies, ſuch as Marble or other Stones, whoſe 
Pores cannot imbibe it, it will cover them with a 
kind of Dew, and then thoſe Bodies 4 are 'rulgarly 
ſaid to Swear. At this time the Hygrometer 
being a affected by the Moiſture will point to VET. 
and as we perceive from thence, that the Air is 
diſpoſed to part with the Water it contains, we 
may generally expect Rain. But when the Air 
again grows warm or denſe, it will be able again 
to diſſolve and take up the Water it before depo- 
fited, and the Moiſture on the Bodies expoſed to 
it will diſappear, the Hygromieter will point to 
DRY, and we may then Fong ourſelyes fair 
* Fs 
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I obſerved before * that if a Bottle be filled with 
a very cold Liquor and expoſed to warm Air, a 
Dew will ſoon be formed on its Surface, by the 
Moiſture which the cooled Air depoſites. Now if 
we ſuppoſe this Body ſtill to retain the ſame De- 
gree of Cold whilſt the Air paſſes over it, the Dew 
on its Surface will continually encreaſe and run 
down its Sides in ſmall Streams of Water. This 
ſeems to be exactly the Caſe of Mountains whoſe 
Tops reach into the colder Parts of the Atmoſphere, 
and which therefore are themſelves colder than 
the Air in general. For when the Wind blows 
the lower Parts of the Atmoſphere (which are the 
| warmeſt and moſt replete with Vapours) againſt 
-the Sides of the Mountains, it being there ſtopped 
in its Courſe, muſt neceſſarily aſcend and paſs over 
their Tops; this Air will therefore be conſiderably 
cooled in its Progreſs, up the Sides. and oyer the 
Tops of the Mountains, and conſequently muſt 
let go a great Part of the watery Vapours it con- 
tains; which will be precipitated in Dew and 
Moiſture, upon the Surface of the Mountains 
where it will fink into the earthy Parts, or inſi- 
nuate itſelf into the Chinks and Crevices of Rocks, 
and being there collected will afterwards break out 
in SexiNGs and FounTains, and become the 
Source of Rivers, which are known to take thei 


Riſe in mountainous Countries, And on this Ac⸗ 2 
count 
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count we might have ſmall Springs and 13 
near Mountains tho” there were neither Clouds nor 
Rain. But the Moiſture which the Air uſually 

| depoſits on the Mountains muſt be conſiderably 
encreaſed by the Clouds which are driven againſt 
them, and accumulated by the Winds, for their 
Particles being then preſſed together will run into 
ſmall Drops of Rain. Beſides, it is well known 
that Mountains gather and retain the Clouds 
about them by their Attraction, in conſequence 
of which we often ſee ſome Clouds continue at 
reſt on the Mountains, whilſt the others are carried 
on gently by the Wind. Hence it is that Coum 
tries in the Neighbourhood of high Mountains are 
the moſt 2 to Rechen Rains. 


Thus Lava 125 how the Aſcent of aqueous 
Vapours and their conſtant Circulation, by pre- 
cipitating again in Moiſture .and Drops of Rain, 
will ariſe from the diſſolving Power of the Air, 
influenced by the Viciſſitudes of Heat and Cold, 
Condenſation and Rarefaction; which Cauſes, as 
they take Place i in different Degrees, will occaſion 
thoſe various States. of the Atmoſphere In reſpect 
to Dryneſs or. Moiſture which we experience in 
the ſeveral Changes of the, Weather. To which 
the Winds contribute very much by heating or 
cooling, condenſing or rarefying the different 
Parts of the Atmoſphere, and by promoting the 
Solution of Water in Air, as they mix thoſe 

>. Os luids 
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Fluids together, or (when the Air is already ſa- 


rurated with aqueous Vapours,) by preſſing toge- 
ther the Particles in the Clouds, and' thereby 


cauſing them to run into Drops. 


If we may thus, from the known Properties of 
Solution, account in a ſatisfactory Manner for the 
Aſcent and Circulation of aqueous Vapours, and 
the ſeveral Phznomena of the Atmoſphere ariſing 
from thence; it muſt be a great Confirmation of 

the Arguments brought to prove that Evaporation 
is only a particular Species of Solution; and there- 
fore that they both proceed from the ſame Cauſe, 
viz. the Attraction that obtains between the mi- 
nute Particles of different Bodies, which is the 
Means of carrying on fo a_—_ other Opera- 
tions of Nature. 


And dee upon this principle, Air ſeems better 
fitted to be a general Soluen than any Fluid we 
know of; becauſe its Particles, not attracting each 
other, are more at liberty to unite themſelves io 
the minute Particles of ſuch Bodies as they do at- 
tract. And accordingly we find the Atmoſphere 
contains in it Matter of all kinds. The odoriferous 
Particles of Bodies ſeem to be ſtrongly attracted 
by the Air, ar they are fo very readily diſperſed 


thro* it; and LS, which i is a very light Vo- 
latile 


1 

latile Body, may be entirely diſſolved in Air with- 
out leaving any Remainder. The Air abounds 

with Vitriolic and other Acids, as is plain from 
the ruſting of Iron expoſed to it. It abounds alſo 
with ſulphurous, nitrous, and other inflammable 
Particles, as appears by the frequert Meteors 
kindled in it. For we have many Subſtances, ſuch 
as ſtrong Acids and eſſential Oils, which being 
thrown together will unite with ſuch Violence as 
ſuddenly to burſt into a Flame, and therefore 
when the Particles of thoſe Bodies, floating pro- 
miſcuouſly in the Air, happen to come together in 
a ſufficient Quantity by their mutual Attraction 


(which we know is very ſtrong) they muſt kindle 
into a Flame, and if many Particles of the in. 


flammable Kind lie contiguous, the Fire will run in 
a Train and form, what we call, ſhooting Stars, 
and other blazing Meteors. In ſhort, the Atmoſ. 
phere may* be conſidered. as a Chaos containing 
Particles of all forts of Bodies; and as the great 
| Inſtrument of Nature for keeping up a general 
Circulation of Matter; and by which not only 
Water is every where diſperſed, but oftentimes 
the Eggs of Inſects and the Seeds of Plants are 
conveyed from Place to Place, both which have 
been found in Rain-water, on examining it care- 
fully juſt after it had fallen; and indeed we ſome. 
times find Inſects and Plants in ſome Places 
where their Appearance cannot well be accounted 
KS” e 
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for, otherwiſe than by ſuppoſing their Eggs and 
Seeds to be e thither by the . 


OE: ſhall now mention two other Tnflances 

in whichthis diſſolving Power of the Air pro- 
duces Effects of the utmoſt Importance. Dr. 
Beerbaave, ſpeaking of that Power or Quality 
of Air, which makes it neceſſary for the Pre- 
ſervation of Animal Life; calls it a certain hid- 
den Virtue, not to be accounted for n ny of 
the Propertie of Air then diſcovered. Perhaps 
we may be led. to ſome Knowledge of it, by con- 
ſidering on what account Air may become unfit 
for Reſpiration by paſling two or three times thro” 
the Lungs of an Animal, for we find that an 
Animal incloſed in ſuch Air will ſoon expire. 1 
think we may be ſure that one Purpoſe, at leaſt, 
for which Air was deſigned is, the carrying off 
that Moiſture and other perſpirable Matter which 
conſtantly exhales from the Lungs, for this we 
know ĩt actually does. Now as Air loſes nothing 
of its Elaſticity by paſſing thro” the Lungs, an 
Animal might ſtill continue to breathe the ſame 
Air, and it would ſtil} continue fit for all ſuch Pur. 
Poſes in the Animal Occonomy as may be anfwer- 
ed by the alternate Expanſion and Contraction of 
the Lungs in Reſpiration. But this Air muſt in a 
ſhort Time become ſaturated with that Moifture 
and other perſpirable Matter which it meets With 
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in the Lungs and muſt * loſe its Power of diſ- 


ſolving and carrying off any more of that kind of 
Matter; which Nature intends ſhould be conſtantly 

diſcharged, and which will therefore continually 
encreaſe and thereby oppreſs the Lungs, heat the 
Blood, or. produce ſuch other noxious. Effects as 
are more immediately fatal than thoſe ariſing from 
the ſtoppage of external Perſpiration. So that an 
Animal incloſed in ſuch Air cannot live long, and 
will perhaps die ſomewhat in the ſame Manner as 
if it had been drowned. Le] Whether the Air we 
breathe may depoſite, in our Lungs, any kind of 


Matter neceſfary to the Support of Life, I cannot 


pretend to judge, nor is it my Deſign to enquire; 
what has been ſaid ſhews the neceſſity of freſh Air 
in Reſpiration, and by what Property it is adapted 
to anſwer one very important Purpoſe, and alſo 
how Air may ſoon become unfit for that Purpoſe. 


But here I will venture to aſk, whether it is not 


2 probable, that, in the conſtant and quick Evapora- 

tion of Moiſture from the Lungs, ſome Degree of 
Cold 1 be e as in other Fe 
d 8 4 8 Which 


6 101 l ee nd ne 10 Water retains Its 


Elaſticity, I took it for granted that it would not become leſs 


elaſtic by paſſing thro* the Lungs of an Animal. Bur 


that the contrary Opinion was held by ſome, who ſuppoſed 
that Air, de e e e ain? became 


niit for Reſpiration by loſing its Elafticity, I reſolved to try 
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which, together with the freſh Air taken in, may 
ſerve to cool the Lungs and the Blood paſſing thro? 
them? We may ſee from hence that moiſt 

; | a N Air 


eight Inches in Diameter and twelve Inchet high, having under 
it a Piece of oiled Leather, I included a . 
and tied the Receiver cloſe down to the Table; thro' a Hole 
in the Top of the Receiver went a Glaſs Tube, open at both 
Ends, cemented round the Hole with Wax ; the lower End was 
immerſed in Watcr (tinged blue) which wo dads. ara 
the Receiver. 

In about an Hour after the Chicken was included it * 
much diſtreſſed, gaped wide and breathed with great difficulty, i 
and in half an Hour more it ſeemed almoſt ready to expire; 
the Infide of the Receiver was then covered "ik Noiltare 
which in ſome Places ran down in Drops. 

Now if the included Air had loſe any of its Elaſticity by 
paſſing thro the Lungs of this Animal, it could not have preſſed 
ſo ſtrongly on the Water in the Glaſs as it did at firſt, and 
then the external Air wonld have preſſed thro” the Tube, and 
appeared coming up through the Water in Bubbles. But no 
uch Thing happened, for as ſoon as the Receiver was tied down, 
the Water in the Tube roſe about one-fifth of an Inch above the 
Water in the Glaſs, and ſo continned during the whole Time of 
the Experiment, except that it roſe and fell near one-tenth of an 
Inch every time the Chicken breathed ; and theſe Vibrations of 
the Water in the Tube I obſerved grew ſlower, and moved thro” 
a greater Space towards the latter End of the Time; which 
ſhewed that the Chicken then took in more Air every Time it 
breathed, than it did at firft, endeavouring thereby to throw 
off the Moiſture which then oppreſſed its Lungs, Aſter Things 
had ſtood thus above an Hour ard a Half, thoſe who ſaw the 
Experiment were convinced that the included Air had not- loft 
any of its Elaſticity, tho grown quite unfit for Reſpiration, the 
Animal AIG ready to expire in it. 


. 
Ar muſt be very unwholeſome by its hot ſuffici- 
ently promoting the neceſſary 3 both 
internal and external. | 


Air is not leſs nccaliins for the Support of Fire 
than of animal Life; for Fire will not long continue 

to burn without a Circulation of Air. Now I ſup. 
| Poſe this happens, not from its adding any thing to 
the Pabulum of Fire, (for Fire ſeems to be otherwiſe 
| ſufficiently provided with Pabulum) but rather on 
this Account; that the Air immediately about a Body 
on Fire is heated and made ſpecifically lighter than 
the Air. at ſome Diſtance from it ; This hot Air 
muſt therefore aſcend and carry with it all thoſe 
minute Particles of different kinds which are 
thrown off from the burning Body, and which 
would otherwiſe reſt upon its Surface, and thereby 
clog and ſtop the ſubtile Vibrations of the burning 
Matter, in which the Nature of Fire partly con- 
' ſiſts. If therefore Fire be confined in a cloſe 
Place, where there can be no Circulation of freſh 
Air, the Air about it, being ſoon ſaturated with 
the Particles ariſing from the burning Matter, will 
not be able to take up any more of them, and 
therefore the Fire muſt go out, ſmothered as it were 
with ſuch Particles as are no longer combuſtible: 
And hence it is that Fire burns faſter when Air is 
ſtrongly blown upon it, for then the Aihes are - 
carried off as faſt as they are formed on the Sur 


face of the burning Body, and My the * 
dcdles 
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cles that have juſt taken Fire are kept quite free 
from any thing that can impede and clog their vi- 
bratory Motion. The Air in this Caſe will 
alſo ſpread the Fire quickly thro' the Fuel 


by blowing the Particles that are already 


kindled among thoſe that are not; and perhaps 


the Motion of the Air in this Caſe may promote 


the ſubtiſe Vibrations in the burning Matter by 
which the Fire is propagated thro? its Parts. 


To this general Obſervation, that Air is neceſ- 
fary for the Support of Fire, we muſt admit one 
Exception: for Nitre will burn in a cloſe Veſſel or 
in Yacuo. The Cauſe of this ſingular Phænomenon 
1 ſhall endeavour to aſſign from what has been 
faid.. Nitre, when ſet on Fire, burns with more 
Rapidity and Violence than any Body we know of, 
it's burning is a kind of Exploſion and produces a 


very fierce and elaſtic Flame, for which Reaſon it 


is a neceſſary Ingredient in Gun-powder, Puburs 


fulminans, and all other fulminating Compounds. 


When therefore a Piece of Nitre takes Fire, its 


elaſtic Flame drives off the Fumes and Vapours 


(with which the Air in the Veſſel may be then 


ſaturated) and defends the burning Matter, fo that 
they cannot ſettle upon it and extinguiſh it, as they 


do other Bodies that burn ſlowly and without any 


Exploſion. And on this Account Nitre, and other _ 


inflammable Matter mixed with it, will burn in 
cloſe Veſſels or even in Vacuo. This will farther ap- 


pear from conſidering the Manner in which Nitre 
* 
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firſt takes Fire, and the Reaſon of its exploding Qua- 
lity. - Nitre will not burn by itſelf thoꝰ melted and 


made red hot, but when it comes in Contact with 
any Body actually on Fire, and which therefore 


contains an inflammiable Matter, or (as it is called) = 


the Phlagilon, it burſts into a Flame. Here the 


Chymiſts ſay, that the acid Spirit of the Nitre 


unites ſo rapidly with the Phan, which is de- 
tached from the burning Matter, that by tlie Vio- 
in a Flame. And they prove this to be ſo, by 
throwing ſtrong Acid of Nitre on any thick eſ- 
ſential Oil, which conſiſts almoſt wholly of the 


burſt into a Flame 'with a violent Exploſion. 
Thetefore fo long as Nitre and the | inflammable 


Matter are thus in Contact, no Fumes or Vapours 


floating about them can prevent that rapid Union 
between their Parts which muſt neceſſatily make 
them continue to burn. The Air, which is pro- 


duced from burning Nitre may poſſibly add to 


the Elaſticity of its Flame. But I do not think 


it probable that this Air ean contribute much ta 


. keep a large Quantity of Neitre E * e 
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' Having, thus fans by. pM 8 Air pro- 7 
duees: the... Evaporation. of Fluids and ſeverat 


other. Effeds, - I, come now to treat of thoſe 55 


Ven thay, are ha by Hear. Al- 
gk 
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 Phlogiſton,” for then the Mixture: will, ſuddenly | 
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though the Particles of Fluids in common 
Evaporation are raiſed into the Atmoſphere by 
the attracting and diſſolving Power of the Air, 
yet in ſome particular Caſes Vapours will riſe into 
the Air on another Account. For in ſome Places 
the Earth ofter ſenes forth hot elaſtic Vapours 
that riſe into the Air by Means of their Elaſticity, 
and carry up with them Mineral and Foſſile Parti- 
cles of different kinds. Fermentation generates 
elaſtic Vapours which expend themſelves into the 
Air. And the Partieles of Water and other Fluids, 
when ſufficiently heated, acquire a repelling Force 
which ſeparates them from the Surface, and' throws 
them upwards into the Air. But all theſe Vapours 
ſoon loſe that Elaſticity by which they were at firft 
raiſed, and they muſt then be- retained and kept 
ſuſpended in the Air by the fame Power that keeps 
up all the Vapours that "= A amet "ICP II 
in common 6: ORAL 


That oe Particles of Stem Sbich 1 riſe Gee 
bor Water are endued with a repelling Force ap- 
pears plainly when Water is boiled in a cloſe Veſ- 
ſel, for then the Steam becomes fo exceedingly 
el aſtic that, unleſs proper Care be taken, it will 
burſt the ſtrongeſt Veſſel. In this Caſe the boiling 

Water, being ſtrongly preſſed by the Force of the 
included Steam, conceives a much greater Heat 
than it will ever do in an open Veſſel; for even 
rom Water is boiled in * Air it is ſome. 
what 


( ve 


what hotter when the Atmoſphere is heavy, than 
when it is light, which ſhews that Preſſure upon 
boiling Water encreaſes its Heat; the. Reaſon of 
which we may perhaps ſee preſently. But the 
molt remarkable Phænomenon that attends the 
boiling of Water, is the large Bubbles which con - 
tinue io riſe from the Bottom ſo long as the Water 
boils, and long after all the Air is driven out of it, 
of the Nature of which there have been various 
Opinions. Doctor 'Boerbaave, in his Elements of 
Chymiſtry; proves by ſeveral Arguments, that theſe 
Bubbles do not ariſe from Air, and with regard 
to their Production, he ſeems to be of the ſame 
Opinion with Stairs (to whoſe Work he refers) that 
they ariſe from ſome active Fires reſiding in the 
Water. Marriotie, whom he alſo. mentions on 
this Occaſion, calls theſe Bubbles Fulnanations, and 
ſuppoſes that they may proceed from ſome kind of 
ſaline Particles contained in the Water, which, 
being heated, act in the ſame Manner that the 
Aurum fulminans does when melted. It has been 
alſa a received Opinion that theſe. Bubbles are oc- 
caſioned by ſome ſubtile elaſtic Fluid tranſmitted 
from the Fire through the Bottom of the Veſſel. 
However I conceive; that a Fluid ſo ſubtile as to 
paſs thro”. the Bottom of the Veſſel, would paſs. 
alſo thro the Water ſo eaſily. as not to diſturb it 
and therefore 1 have for ſome time ſuſpected, that 
theſe Bubbles are formed only by an elaſtic Steam. 
in the Manner I ſhall now deſcribe, The Particleq 
L 2 on 
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on the Surface of the Water, long beſore it boils, 
will, by Means of the repelling Force which the 
Heat introduces among them, riſe in Steam and 
will infinuate themſelves into the Air which yields 
ealtly to them; but thoſe particles that are preſſed 
againſt the Bottom, by the Weight of the Atmoſ- 
phere, and of the incumbent Water, will require 
a greater Degree of Heat to render them ſo elaſtic 
that they ſhall be able to overcome this Preſſure, 
and expand themſelves into à greater Space. 
No ſince Heat expands Water and makes its 
Particles repel each other, according to its differ- 
ent Degrees, ve mutt ſuppoſe. that theſe Particles, 
from their being in contact with the Bottom of the 
Veſſel, will at length acquire ſuch a Degree of 
Heat as will give them a repelling Force ſufficient 
to overcome the Preſſure they ſuſtain, and to ex- 
pand them ſuddenly into thoſe large Bubbles . 
aſcend thro” the Watts: when it bails -x 
"Te" r | 5 ge 


2 1 bare jarcly made dome Obſervations a 84 Ex- 
periments which ſeem to confirm this Opinion. 
Theſe Bubbles which aſeend from che Bottom, I 
obſerved, always grow leſs in their Progreſs ups 

wards, and' thoſe ſmall Bubbles, that 1 to 
the Bottom for ſome time before they aſcend, often 
diſappear entirely before they reach the Surface, 
_— eats * when the Marter 25 contain, 
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| when Water Miſt b Nu b boiled, or is even 
conſiderably leſs hot than boiling Water, is pour- 
ed into a Glaſs and ſet under the Receiver of an 
Air-Pump, and the Air is almoſt drawn out, the 
Water will boil more violently than it does on the 
Fire, the Bubbles breaking out from all Parts of 
it. In this Caſe, no ſubtile Fluid can be ſup- 


poſed to riſe thro? the Bottom of the Veſſel, but 


the Heat which the Water retains will then give 
its Particles an elaſtic Force ſufficient to overcome 
the Preſſure of what little Alf remains in the Re- 
ceiver, and will expand them into Bubbles. And 


that theſe Bubbles are compoſed of Steam appears 


_ plainly from this Experiment, for as ſoon as they 
begin to aſcend the Receiver is filled with Steam, 
which being condenſed by the Cold runs 'plenti- 
fully down its Sides in. Water. From hence 
ve may ſee the Reaſon why Water i in Vacus boils 
. mall Degree. of Heat. n Dog 


Aſtter a Veſſe! of Water had boiled till al the 
| Air-Bubbles were, driven out of it, I turned upon 
its Mouth a large Glaſs that lay under the Water ; 
the Bubbles, that aſcended under the Glaſs, re- 
mained i in the upper Part of it, and forced out the 
Li th it t belore FAROE and Wen che, elaſtic 


Matter 
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Matter in the Glaſs overturned it, and aſcended 
to the Top in one large Bubble, upon which the 


Steam on the Surface was much encreaſed. No- ]) 


this ſhews that the Matter contained in theſe Bub- 
bles, which at firſt is quite tranſparent, being a 
very rare and homogeneous Fluid, uppears after- 
wards like Steam when it is mixed with the Air. 
But -I thought I ſhould make a concluſive Expe- 


riment if I could obſerve the Effects of a very hot 
Steam conveyed under boiling Water. Thereſore 


when an ® Zolipile had boiled till all the Air was 
driven out of the Water it contained, . without 
taking it off the Fire, I imfnerſed its Pipe into 
2 Veſſel of Water which had juſt. been boiled, 
and immediately the Steam that iſſued from the 
Pipe roſe up in very large Bubbles thro' the Wa; 
ter, and made it appear to boil violently. I then 
held a large Glaſs of cold Water, ſo that the Pi pe 
of the boiling Tolipile was immerſed in it; at firſt 
none of theſe Bubbles appeared, for the Steam, 
being then condenſed by the cold, Water, was 
mixed thro' it, making a very loud and, uncom- 
mon Noiſe: but as ſoon as the Water in the 
Glaſs grew very hot, this Noiſe ceaſed, and the 
Steam, being no longer condenſed, *. in large 
Bubbles, as before, and made the Water pes 
10 boil with great Violence. | 5 


. An Ealyik 1 is 2 hollow Globe of Iron or 0. 5 ind 
which i is ſcrewed a long Pipe, whoſe End is commonly bent into 
2 Curve; it has a very ſmall Orifice, ont of which the Steam 
iſſues with great Violence, when Water is boiled in the 20, pile. 


See it delineated in Fig. 5. 
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Theſe Obſervations ah maſon FW to 
diſcover fully to us the Nature of thoſe Bubbles 
that aſcend thro” boiling Water; and lead me to 
make ſome further Remarks on the Degrees of 
n th Arent Ae INE) in | boiling.” 


The Parts of a Fluid neareſt the Beek of a 
Veſſel grow hot firſt, and being then expanded 
and made lighter, they aſcend and change Place 
with the colder and heavier Parts, which occaſions 
that inteſtine Motion we perceive in Liquors while 
they are growing hot. And thus the Heat of the 
Whole will continue to increaſe, until thoſe Par- 
_ ticles, that are in contact with the Bottom of the 
Veſſel, acquire ſuch a Degree of Heat as will give 
them a repelling Force ſufficient to overcome the 
Weight of the Atmoſphere, the Weight of the 
incumbent Fluid, and the Tenacity of its Parti- 
cles, and then they will be ſuddenly expanded into, 
Bubbles of Steam, and aſcend quickly to the 
Top, without communicating this Heat to the 
ſurrounding Fluid. For as theſe Bubbles have a 
Degree of Heat but little ſuperior to that of the 
Fluid, and juſt ſufficient to keep them expanded, 
if they were to loſe any of it, by communicating 
it to the Fluid in their: Aſcent, they would all 

ar before they got to the Surface, as the 


very ſmall ones do which aſcend but flowly ;'or if 
| the 
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me whole Fluid was to grow at once as hot as 
the Bubbles, it would, like them be all turned into 
an elaſtic Steam. And therefore the F luid itſelf 


cannot grow hotter than it was when theſe Buh⸗ 
bles began to aſcend; but muſt all boil away 


in the ſame Degree of Heat. (#] Provided 
it be ſuch a Fluid as will not grow eee, 


or mare viſcid and tenacious by boiling, of 
this kind are Mercury, Water, Spirit of Wine, 
and ſeveral others, for theſe Fluids are found to 
boil reſpectively with 500, 212, and 175 Degrees 
of Heat, and afterwards they do not grow hotter. 
The Reaſon of which is plain, for whilſt the Preſ- 
fure upon a Fluid, and its Denſity and Tenacity 
continue the ſame, the ſame Degree of Heat will 
always be ſufficient to ſeparate its Particles and 
expand them into Steam; which is the greateſt 
Effect that Fire can produce on any Fluid without 
actually inflaming it. Hence it is obvious that 
an additional Preffure on boiling. Liquors, or an 
encreaſe of their Denſity or Tenacity, will, by 
keeping their n ſtrong] y together, en- 
; rela 


pt That theſe. Bubbles are HTN * * the other 
Parts of the Fluid T found by immerſing a Mercurial Ther- 
mometer'with Fahrenheit's Scale into a Veſſel ot boiling Wa- 
ter, ſor it role one Degree higher when held among the Bub« = 
bles, F e n | 
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able them to bear a greater Degree of Heat before 
they are expanded into Steam and begin to boil. 
It is very obſervable that all oily Liquors, which 
refract the Rays of Light more ſtrongly than 
others do, acquire alſo a much greater Heat in 
boiling. Thus Oil of Turpent ine and other thin 
eſſential Oils, that are procured by Diſtillation, 
boil with about 560 Degrees of Heat, which how- , 
ever as the boiling continues is always encreaſing ; 
the more volatile Parts flying away, and leaving 
the Reſidue thicker, more viſcid, and ſuſcepti ble of 
a * wat, 


8 tes and bi Oils dicks to 
boil with 600 Degrees of Heat, which is the ſame 
with that' of boiling Mercury, and therefore the 
greateſt Heat that can be meaſured by a Mercurial 
Thermometer. But it has been found, by the 

Expanſion of an Iron Rod, that Oils grow conti- 
nually hotter by boiling, and at length their Heat 
| ane, ſo much that they burſt into Flame. 


There is indeed obe Obſervation, which, if 
true, would contradict what I have ſaid as to the 

Heat of boiling Liquors being in ſome Meaſure 
owing to their Viſeidity; for it is commonly faid 
that Tar, which is a viſcid Liquor, boils with ſo 
ſmall a Degree of Heat, that the Workmen ſkim _ 
the Droſs off it with their Hands. But this I 
found to be only the 3 of boiling, for 

M 


having 
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having placed a Veſſel. of Tar on .the Fire; as 
ſoon as the Thermometer ſhewed it to be a little 
hotter than the human Blood, a great Quantity 
of Air roſe out of it in Froth and Bubbles, carry- 
ing up ſome Droſs with it, and then I could 
eaſily bear to hold my Finger in it; but ſoon after 
when the Tar began really to boil the Thermometer 
roſe as high as it does in boiling Water, and was 
ſtill riſing. For Tar, when one half of it is boiled 
away, becomes Pitch; and it is well known that 

boiling Pitch is hotter than boiling Water, fo 
that this Experiment correſponds exactly with 
the Theory I have laid down in — to * 
| Heat of boveng Eon. ES, 


Hitherto we oy confidered only. the Efleas 
of ſuch Degrees of Heat as are great enough to 
expand Liquors. into large Bubbles and make 
them boil, or to raiſe a viſible Steam from their 
Surface. But I find it neceſſary (for a Reaſon. I 
ſhall mention preſently) to conſider alſo the Effects 
of the leſſer Degrees of Heat, down to that which 
s juſt ſufficient to keep 88 in a ſtate of F * | 
dity. 


"S 1 is generally allowed that Heat keeps Bodies 
fluid, by cauſing their Particles in ſome Meaſure 
to repel each other, and thereby preventing them 
* ee into fuch cloſe Contact as would 
| render 
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render them hard. Now I ſhall ſhew from Expe- 
riments that all Degrees of Heat above what is 


neceſſary to keep Liquors fluid, will raiſe from | 


their Surface (provided they are not viſcid) ſome 
kind of Steam, which, for Diſtinction's ſake, I 
ſhall call an Effluvium. Under a large Glaſs ſet a 
Cup of Water, not hot enough to emit any viſible 
Steam, and let the Glaſs be expoſed to the cold 
Air, a Dew will ſoon appear on its Inſide. Here 
an Eithiviumn i is raiſed from the Water, but it riſes 
too ſlowly and in too ſmall a Quantity to become 
viſible till it is condenſed on the Glaſs. As Steam 
riſes from hot Liquors more abundantly when the 
Preſſure of the Atmoſphere i is taken away, it may 
be ſuppoſed that this Effluvium will alſo riſe more 
copiouſly from colder -Liquors in the ſame Caſe; 
as we ſhall ſee it really does by what follows! 
From a great Number of Experiments made with 
Spirits of Wine, of different Degrees of Strength, 
I found that, at a Medium, the Quantities loſt in 
the ſame time in a cloſe Receiver full of Air, in 
one only half full of Air, in Air rarefied two and 
forty times, and in the- Sn Air, were nearly in 
the Proportion M 1, 17, 6, and 48. The fame 
kind of Spirit was uſed in each Experiment, the 
Time was 24 Hours, and the Spirits were con- 
tained in equal Cups, ſo that their Quantities and 


Surfaces were as nearly equal as might be. That 2 


all the Spirit uſed in each Experiment might be 
in the fame Circumſtances, "before I put it into 
M2 5 the 
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the Cups I drew from it all the Air I could by the 
Air. pump, which could not rarefy the Air in the 


Receiver more than two and forty times, it was 


neceſſary to do this, becauſe the Spirit loſt five or 
ſix Grains in a few Minutes while the Air was 


drawing from it by the firſt Exhauſtion of the Re- 


ceiver, and a Quantity leſs and leſs during the 
{ſecond and third Exhauſtions. A Cup of Water 
when in a warm Room loſt one Grain on the 
firſt Exhauſtion, and when it had afterwards ſtood 
in the exhauſted Receiver for 24 Hours it loſt two 


Grains and a Half, while the ſame Quantity of 


Water loſt 35 Grains in the open Air; but Ice 
that was thawing, or Water with Ice in it, did not 
loſe any thing in the exhauſted Receiver, or in- a 
cloſe Receiver full of Air. Theſe Experiments 
were made in a large Room without a Fire, and 
the Fluids were of the ſame nnn. whoſe 
loſſes I ee 2 


The Spirit of Wine, which i is ſo * aly rarefied 
| by Heat, and which (as it never freezes) has always 
more Heat than is ſufficient to keep it fluid, Joſt 
in every Experiment conſiderably more than Wa- 
ter did in the ſame Circumſtances; and as Water 
did not loſe any of its Weight, when it. had not 
more Heat than was neceſſary to keep it fluid, I 
think the riſing of an Effluvium from theſe Liquors 
may juſtly be aſcribed to the repelling Force given 


io their Particles by certain Degrees of Heat, The 
Air 


* 


— 


(8s) 
Air in the Receiver did not contribute to this Effect, 


but on the Contrary prevented it, in a great Meaſure, 
by its Preſſure, for the more Air was drawn from 
the Receiver, the greater Quantity of this Effluvium 


aroſe, I obſerved, that when the Air was rarefied 
two and forty times, the Effluvium that roſe from 


the Spirit, which was ſometimes near forty Grains 


in twenty-four Hours, not being ſupported by a 


ſufficient Quantity of Air, and loſing its firſt Elaſ- 
ticity by being very much expanded, fell by its 
Weight to the Bottom, and covered it and the 


lower Parts of the Receiver with Moiſture. But 
none, or very little, of this Moiſture appeared 
when only one half of the Air was drawn out of 


the Receiver, for the Efluvium which then aſcend- 
ed, (amounting generally to eight or nine Grains) 
was ſupported by the remaining Air but when I 
rarefied this Air ſuddenly, as in an Experiment 
before mentioned, (Page 59.) the Effluvium was 


immediately gathered into a vaſt Number of viſi- 


ble Drops, and fell to the Bottom. This plainly 
ſhews that the Effluvia which are. raiſed from 


Liquors, by theſe very ſmall Degrees of Heat, 


cannot continue ſuſpended, unleſs they are los 


_ by a ſufficient (pantry of Air, 


hy hats it ae to ages theſe er 


ments and Obſervations, in order to obviate an 
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have endeavoured to eſtabliſh. ” For as it is found 
that Fluids loſe of their Weight both in an ex- 
hauſted Receiver, and in the open Air, it might 


be ſaid that this loſs proceeded from the fame 
Cauſe in both Cafes, and therefore that common 


Evaporation did not depend on the diſſolving Power 


of the Air. But from theſe Experiments, I think, 
we might give a ſufficient Anſwer to ſuch an Ob- 


Jection. For it appears firſt; that Ice, or Water 


that has no more Heat than is neceſſary to keep 
it flaid, loſe nothing of their Weight in an ex- 


| hauſted Receiver, tho' they loſe very conſiderably 


in the open Air. Secondly; The Quantity 
which the Spirit of Wine loſt by Evaporation in 
the open Air was eight times greater than what 
it loſt in the ſame time by an Effluvium, when 
the Air in the Receiver was rarefied two and forty 
times; therefore the Cauſe of Evaporation mult 
be a much more powerful one than that which 
raiſed the Effluvium. And further, the Quantity 
loſt by Evaporation was forty-eight times greater 
than what was loſt, in the ſame time, by an Ef- 
fluvium when the Receiver was full of Air; there- 


fore, ſuppoſing the ſame Effluvium to riſe from it in 


the open Air, we muſt allow that of the whole Quart... 


tity which the Spirit of Wine loſt in the open Air, 
one Part only in forty-eight could be owing to that 
Etfluvium which is occaſioned merely by its Heat, 

conſequently forty-ſeven Parts muſt have been 


94 off by ſome very powerful Action of the 
Air; 


4 i 
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Air; which miſt alſo be the ſole Cauſe of the 
Evaporation of Ice or very cold Water, which 
are found not to emit any Effluvia in an exhauſted 
Receiver. And this Action of the Air I have 
ſhewn to be its cg: Power. e 


2 


% 


e we echt it may. not be amiſs to take 
a a general View of the important Purpoſes which 
Air is contrived to anſwer, and of the Means by 
which it is adapted to theſe ſeveral Purpoſes. By 
its Subtilty and Elaſticity it is capable of being 
. ealily taken into the Lungs' of Animals; and by 
its attracting and diſſolving Power it carries on 
that Perſpiration, both internal and external, 
which we find is neceſſary to the Preſervation of 
Life. By the ſame Power it takes away the ſuper- 
fluous Moiſture from Trees and Plants, and there- 
by promotes Vegetation. By the ſame Power it 
raiſes and ſuſtains aqueous Vapours, and its Tem- 
perature and Denſity being eaſily changed, it re- 
turns them again in Rain and Dew, and thus 
keeps up a continual Circulation of Moiſture. By + 


the ſame Power it contributes to the Support of © 


Fire, by carrying off from burning Bodies 
ſuch Fumes and Vapours 4 would 
extinguiſh them. 


By its Weight and Prefure.. on thef utface 
of, Fluids it keeps their Particles together and : 
__ them to bear (without being <A : 
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